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1. Introduction

ABSTRACT

Keyword technique has been investigated extensively in the literature to examine its
effectiveness on second language pronunciation. However, previous studies have not ex-
amined how computer-assisted keyword technique could aid second language learner to
pronounce weak forms in English accurately. Therefore, this study aims at investigating
the effect of computer-assisted keyword technique on acquiring weak forms pronunci-
ation. Sixty Arab learners who learn English as a foreign language participated in the
study and assigned into three groups. The first group viewed a video containing weak
forms in English dubbed with the first language keyword. The second group was taught
weak forms and aided with keyword traditionally. The third group was taught the same
content using the traditional way without the keyword. Results of the post-tests indicat-
ed that participants in the keyword technique (either computer-assisted or traditionally)
outscored the participants who did not use keyword technique. The study concluded that
keyword technique either used with the help of a computer or used traditionally, is a
useful tool to enhance weak forms pronunciation.

native speakers of the target language, but rather to enable
learners to pronounce the target language in an intelligible

ronunciation is a key element in language learn-

ing. In addition to other aspects of language such

as grammar and vocabulary, pronunciation plays
a key role in determining the extent to which mutual
understanding occurs among communicators. Regard-
ing this, Lee, Jang, and Plonsky (2015) concluded that
pronunciation instruction had a statistically significant
impact on language learners'”. Despite the importance of
pronunciation, pronunciation training is mostly ignored
in language classes”’. It should be noted that the goal of
teaching pronunciation is not to make learners sound like
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Hassan Saleh Mahdi

way" 14,

Technology offers several benefits for pronunciation
instruction, such as the possibility to receive immediate
feedback, individualized instruction, and access to an
authentic input. Research need to explore the extent to
which tools can be suitable for a given group of learners
at a given point in time"”’. This study explores the potential
of computer-assisted keyword technique to help English
Foreign Language (EFL) learners improve their pronunci-
ation of English weak forms.
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2. Literature Review

2.1 Pronunciation and Foreign Language Learn-
ing

Pronunciation is considered one of the primary features
when assessing oral communication and spoken profi-
ciency'®. Indeed, pronunciation is important since mis-
pronunciation may cause misunderstanding. Pennington
and Richards (1986) defined pronunciation as the way to
utter individual sounds, stress, and intonation patterns of
the target language'”’. The purpose of the development of
a foreign language learners' pronunciation is not only to
imitate one norm of native speakers; but rather to achieve
real communication and intelligibility between speakers'.
The tendency nowadays is to achieve the highest degree
of comprehensibility, since sounding like a native speaker
is rare and often difficult” Comprehensibility, as defined
by Derwing and Munro (2005), is a listener's perception
of how difficult it is to understand an utterance and com-
prehensible pronunciation is considered as the chief goal
of pronunciation training" """ since perfect pronunciation
is sometimes impossible and not necessary.

Pronunciation remains a challenging task that many
language learners face. Teaching pronunciation is often
neglected compared to other skills such as reading and
writing in many educational contexts. This is due to the
fact many teachers lack enough training in this area, in-
cluding how to describe intonation and stress of various

lexical items!?.

2.2 Keyword Technique

Keyword technique is a technique that is designed to
make a strong connection between the unknown word
and its meaning. It is defined by Richards and Schmidt
(2002) as "a learning strategy in which the learner thinks
of a homophone (the keyword) in the native language
for the word he or she is trying to remember in the target
language""”. This technique is basically composed of two
steps. First, the new word in L2 is linked to a word (a key-
word) in the learner's first language which sounds like a
part or the whole of the new word. Second, learner needs
to think of a visual image where the meaning of the new
word and the meaning of the keyword is combined"?.
Atkinson, Raugh and Schupbach (1975) proposed the
following criteria for keywords: (a) the keyword sounds
as much as possible like a part (not necessarily all) of the
foreign word; (b) it is easy to form a memorable imagery
link connecting the keyword and its English translation
and (c) the keyword is unique (different from other key-
words used in the vocabulary!.

Keyword technique has a positive impact on both im-

2 Distributed under creative commons license 4.0

mediate and long-term retention. Beaton, Gruneberg, and
Ellis (1995) concluded that even after ten years without
opportunity for use, some memory for words learned by
keyword technique remains!"®. Keyword technique is
more powerful and easier to be used. Wang and Thomas
(1995) found that the keyword technique took less time
and gave better results for immediate recall and on a
long-term measure!'”’. Keyword technique as a way to en-
hance vocabulary learning has been examined by several
studies!" PPN “The findings of these studies
indicated that the keyword technique was effective, and
learners' scores were higher in the case of experimental
groups in both immediate post and delayed post-tests. The
implementation of keyword technique has been examined
for young children””*" teenagers”™, adults””*”, and the
elderly™". In addition, the effect of Keyword technique
was examined to students with learning disabilities”".
Although keyword technique has a lot of benefits, its
effectiveness has been questioned in several studies. For
example, Hall (1988) argued that the keyword technique
can lead to poorer performances when it is used as the
exclusive vocabulary learning method””. Other studies
indicated that the keyword technique could produce sim-
ilar or inferior results compared with traditional learning
methods (rote learning), and that experienced language
learners benefited less from the keyword technique than

the inexperienced learners™ />,

2.3 Computer-Assisted Pronunciation Training
(CAPT)

Pronunciation learning can be enhanced with the help of a
computer. The use of the computer in pronunciation learn-
ing can provide language learners with opportunities to
practice L2 pronunciation in an effective and interesting
way"®. The use of computer has been recognized by many
researchers as a beneficial tool for learning L2 pronuncia-
tion, as it has several characteristics that help L2 learners
increase their performance in pronunciation. These char-
acteristics can be categorized according to the following
procedures: input, output, and feedback. Computer offers
several opportunities that provide language learners with
abundant input. Based on Input Hypothesis proposed by
Krashen (1987), the basic component of successful lan-
guage learning is input””. Learners need to be exposed to
an abundant amount of L2 input. Using the computer to
aid pronunciation learning can provide language learners
with adequate authentic and contextualized spoken input.
Using CAPT enables language learners to access their
own and others' pronunciation performance. It also of-
fers a considerable promise for language pedagogy as a
medium for improving language learners' productive and

DOI: https://doi.org/10.30564/jiep.v1il.255
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receptive competence in the pronunciation of the target
language™, as well as providing visual displays of var-
ious speech patterns”™. In addition, CAPT has a range
of advantages that create new opportunities for language
learners. Firstly, it is quick in performing, analyzing and
giving language learners feedback far faster than a teacher
can do. Secondly, tasks can be repeated, and they are also
precise and reliable in the sense of being the same every
time. Pennington (1999) summarizes the properties of
CAPT as the following: quick, repeatable, precise, reli-
able, authoritative, highly salient, multi-modal, individual
and variable™. Luo (2016) found the CAPT particularly
useful for reducing non-native English language learners'
mispronunciation errors when compared to in-class only
instruction on pronunciation™”. Pi-Hua (2006) comment-
ed on the usefulness of CAPT for learners and teachers,
with learners being able to practice independently and in-
dividually, while teachers can use it for assigning drilling
practice, which is considered by some teachers to be over-
whelming and time-consuming'*'. CAPT is also useful
for providing language learners with correct and reliable
feedback. Neri, Cucchiarini, and Strik (2008) tested the
pedagogical effectiveness of automatic corrective feed-
back on segmental quality using CAPT™. The findings
revealed an improvement in learners' pronunciation ac-
curacy because of the training and spontaneous feedback
they received. CAPT is also useful for enhancing speaking
skills, as Fouz-Gonzalez (2015) suggested that technology
can assist learners in their productive practice'*”. One of
the most well-known techniques is automatic speech rec-
ognition technology.

2.4 Weak Forms

Weak forms are one of two possible pronunciations for a
word, in the context of the connected speech, the other be-
ing strong. The weak form is that which is the result of a
word being unstressed, as in the normal pronunciation of
the preposition of in cup of tea, and in most other gram-
matical words. Several words in English have more than
one weak form such as (and /&nd/ can be /ond/,/on/, or /
n/). In English, certain words can be pronounced in two

1 For exam-

different ways; strong form and weak form
ple, students may not recognize /kom n si:/ as come and
see. This aspect is considered one of the difficulties that
many Arab EFL learners face. It affects comprehending
sentences containing weak forms'. Thus, it is important

for EFL learners to be aware of weak forms.

2.5 Dual Coding Theory

Several theoretical rationales have been advanced to en-
courage the use of computer-assisted language learning.

Distributed under creative commons license 4.0

In his Dual Coding Theory (DCT), Paivio (1971, 1986)
stated that the keyword method explicitly brings into play
both verbal and imaginal processes**’). He argued that
the acoustical similarities between the first language (L1)
keyword and the target word affects the development of
vocabulary in the second language (L2) and direct rela-
tionships between L1 and L2 referents. He also argued
that the use of mental images creates appropriate referen-
tial interconnections between L2 verbal representations
and the imagery system.

Cognition according to DCT involves the activity of
two distinct subsystems, a verbal system specialized for
dealing directly with language and a nonverbal (imagery)
system specialized for dealing with nonlinguistic objects
and events. The systems are assumed to be composed of
internal representational units, called logogens and ima-
gens, that are activated when one recognizes, manipulates,
or just thinks about words or things. The representations
are connected to sensory input and response output sys-
tems as well as to each other so that they can function
independently or cooperatively to mediate nonverbal and
verbal behavior. The representational activity may or
may not be experienced consciously as imagery and inner
speech. The theory means that both systems are generally
involved even in language phenomena.

2.6 Computer-assisted Keyword Techniques and
Pronunciation

The combination of keyword technique with other strate-
gies proved as efficient in aiding the information retention
and recall over a period of time!*. Therefore, using com-
puter as an environment for keyword technique can be
useful and create opportunities for language learners im-
prove their achievement in language learning. The effect
of the combination of keyword technique and computer
in promoting EFL pronunciation has not yet thoroughly
examined. The present study is an attempt to fill in this
gap and explore the effect of using computer as an envi-
ronment to present keyword for EFL pronunciation. The
study seeks to answer the following research question:
What is the effect of keyword technique on FL learners'
pronunciation of English weak forms?

3. Methods

3.1 Research Design

This study follows the experimental design of the study in
which three intact EFL university classes were randomly
assigned to one of three groups: computer keyword tech-
nique, traditional keyword, and no keyword. The experi-
ment was conducted for a month, as shown in Figure 1.

DOI: https://doi.org/10.30564/jiep.v1il.255 3



Journal of International Education and Practice | Volume 01 | Issue 01 | 2018

[ Fistweek —> | Pre-test ]
Second and third Experimental group one: Experiment.a.l group Control group:
weeks multimedia enhanced two: traditional no keyword
k d
kevword Syvor
Fourth week ] :> [ Post-test ]

Figure 1. Study Design

In this study, the Keyword is the dependent variable
and the independent variable is the use of computer as an
aided technique to the Keyword. The dependent variable
is a variable, which is observed to determine what effect
the other types of variables may have on it. The dependent
variables are the conditions or characteristics that appear,
disappear, or change as the experimenter introduces, re-
moves, or changes the independent variable.

3.2 Participants

The participants in the present study were 60 students
from three intact EFL classes from three different colleges
of University of Bisha, Saudi Arabia. The study was
conducted in the first semester in the academic year
2018/2019. Their ages ranged from 19 to 24 years old.
Twenty students were fe-male, and 40 students were
male. Their average proficien-cy in English was
categorized as intermediate based on the documents of
the department. These students had been studying EFL
for more than 7 years. Three experienced EFL
instructors participated in the study. Each instructor
used one different method to present the weak forms in
his class.

3.3 Procedures

One class was held with the EFL instructors prior to the
beginning of the study. In the first session, the pretest was
distributed to all groups. The pre-test was administered
in one regular session prior to the treatment. The partici-
pants were asked to read aloud ten sentences and record
them. Their recordings were saved on the desktop in the
language lab to be used later in the analysis. In the second
and the third sessions, the weak forms were introduced
(fourteen weak forms in each session). The same content
was taught for all groups. However, participants in each
group were trained with a different technique. Participants
in the computer keyword group were instructed to watch
a video which contained a speech of a native speaker of

4 Distributed under creative commons license 4.0

English. At any point where a word pronounced in a weak
form, a short video clip with a keyword was added. The
clips were added successively (i.e. the weak form in En-
glish was articulated and immediately a clip with a key-
word was added). Participants in the traditional keyword
group were taught weak forms using keywords traditional-
ly. The instructor explained the weak form and presented
a word that can be used as a keyword to enhance learning
weak forms. No video was used to show the pronuncia-
tion of the weak forms in this group. Participants in the
control group were taught weak forms traditionally. The
instructor explained the weak form and pronounced them
orally and the learners should repeat the correct way of
pronunciation of weak forms. No video was used to show
the pronunciation of the weak forms in this group. In the
fourth session, the post-test was administered. The partici-
pants were asked to read aloud the same sentences as they
appear in the pre-test and record them. Their recordings
were saved on the desktop in the language lab to be used
later in the analysis.

3.4 Testing Procedure

The test was developed by the researcher based on the
sentences given in the textbook*". The pre-test consisted
of ten sentences (see Appendix A). These sentences con-
tained 22 words that can be pronounced either strong or
weak form. These sentences were presented in a random
order to each participant and making sure that partici-
pants did not realize the real purpose of the test which
was intended to test their pronunciation of target words.
To evaluate the participants' improvements in weak forms
pronunciation, the participants were asked to read and
record a set of ten isolated sentences. After two sessions,
a post-test for the three groups was administered to test
participants' pronunciation of the weak forms. Again, their
responses were recorded for further analysis.

DOI: https://doi.org/10.30564/jiep.v1il.255
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3.5 Recording and Scoring

In the pre- and post-tests, the participants were asked to
read the sentences aloud and record them. The record-
ings were made in the computer lab using head-mounted
microphones. Head-mounted microphones were used to
maximize the robustness of the recordings. The recording
steps were performed as follows: First, the participants
were asked to check the equipment by recording two short
sentences which were not included in the tests. Second,
the participants were asked to read aloud the sentences
of the test. If the learner felt that he had not pronounced
the sentences correctly, he or she could repeat them and
record them as many times as needed. Third, each partic-
ipant should record all the ten sentences and saved them
in one file. By the end of the study, each participant would
have two files: one for pre-test, and the second for the
post-test. After recording, these files were given to three
raters. The recordings were scored independently by three
non-native speakers of English. Each rater was asked to
provide a score of pronunciation quality of each sentence
on a 5-point scale based on Isaacs, Trofimovich, and Foote
(2017)*,

Table 1. Isaacs et al. (2017) Comprehensibility global and
analytical scale

C.oTn.prehen- Overall description of comprehensibility
sibility level
5 Speech is effortless to understand.
Errors are rare and do not interfere with the message.
4 Speech requires little effort to understand.
Errors minimally interfere with the message.
3 Speech requires some effort to understand.
Errors somewhat interfere with the message.
2 Speech is effortful to understand.
Errors are detrimental to the message.
1 Speech is painstakingly effortful to understand.
Errors are detrimental to the message.
UR Unable to Rate the speech.

The raters' scores were first analyzed to determine in-
ter-rater reliability. A Cronbach's alpha coefficient of .88
was obtained, which can be considered good.

3.6 Data Analysis

Descriptive and inferential statistical procedures were
performed in this study to determine the effect of key-
word technique on EFL pronunciation. An ANOVA was
conducted to determine the significance of the differences
among groups and to which this significance referred to.
An ANOVA describes a group of inferential statistical
procedures which is used to analyze data from designs
that involve two or more groups. Analysis of variance is
a parametric statistical procedure for comparing two or
more group means to see if there are any statistically sig-
nificant differences among them.

The level of significance was .05 for all statistical anal-
yses. These results will be discussed in the next section.

4. Results

To answer the research question of whether the students'
pronunciation was improved as a result of the use of com-
puter-assisted keyword technique, the mean and standard
deviation across pre- and post-tests showed variation in
the students' performance (Table 2). The use of Keyword
technique was assigned as the between-subject variable,
whereas the time of the tests was assigned as the with-
in-subject independent variable. Levene test was used to
examine the normality of the distribution. The results of
the tests indicate that the data is normally distributed as
p=.99 p >.05).

Results showed that a significant main effect of key-
word technique existed from the pre-, and post-test de-
signs. Results from ANOVA revealed that a significant
main effect existed among the three types of keyword
technique use. The computer-assisted keyword tech-
nique (CAK) and traditional keyword technique (TK)
groups significantly outscored the no keyword tech-
nique (NK) group in the post-test (M = 39.3, 38.2, SD
=3.37, 3.13 respectively). The performance of the CAK
group over time was slightly higher than that of the TK
group but the difference was not significant (MD =1.10,
p=-273). The effect size was 1.9, which indicated a
large effect of using the computer-assisted keyword in
learning pronunciation.

Table 2. Descriptive Statistics of the Students' Performance of L2 Pronunciation Tests

CAK (N = 20) TK (N = 20) NK (N = 20) All Groups

M SD M SD M SD M SD
Pre-test 12.8 2.78 12.6 2.72 12.48 2.56 12.48 2.66
post test 393 3.37 38.20 3.13 33.05 2.89 36.85 4.13

Distributed under creative commons license 4.0
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Table 3. ANOVA Results for L2 Pronunciation Tests

Df MS F p
Between groups 2 222.65 .000*
22.56
Within groups 57 9.86 .000*
The level of sig. = .05
Table 4. Tukey HSD Post-hoc Test
Dependent variables (I) Keywords (J) Keywords Mean Differences (I-J) Sig.
Keyword post-test Computer KW Traditional KW 1.10 513
No KW 625 .000
Traditional KW Computer KW -1.10 513
No KW 5.15 .000
No KW Computer KW -6.25 .000
Traditional KW -5.15 .000

The mean difference is significant at the of .05 level

Post-hoc pairwise comparisons using Tukey HSD
yielded significant differences among the three groups
over time (Table 4).

5. Discussion

This study sought to examine the effects of computer-as-
sisted keyword technique on the pronunciation of English
weak forms. Three groups participated in this study to find
out the effect of computer-assisted keyword technique
on the pronunciation of English weak forms. The results
revealed that the positive impact of the keyword in both
conditions (i.e. computer-assisted keyword or tradition-
al use of keyword) on the pronunciation of weak forms.
Both groups who used keywords as a technique to aid
weak forms pronunciation outperformed the students in
the group where no keyword was used. However, no sta-
tistically significant difference between computer-assisted
keyword technique and traditional keyword technique, the
scores of the students in the group used computer-assisted
keyword technique are slightly higher. This indicates that
computer-assisted keyword technique can be more useful
in learning L2 pronunciation.

The study results are in line with Paivio's dual coding
theory™™” which assumes that information is coded
dually in the human mind either verbally (i.e., text and
sounds) or non-verbally (i.e., picture and objects). These
two systems are interconnected when words are represent-
ed by one system and can be activated by the other system
or vice-versa (e.g., verbal activated by non-verbal). In
this study, students' scores in computer-assisted keyword
were slightly higher than the scores in traditional keyword
because visual information (L1 keyword clip) was coded
with verbal information (English pronunciation of weak

6 Distributed under creative commons license 4.0

forms). However, the students learning with no keyword
mode performed worse on the pronunciation post-tests, as
information was only presented traditionally (verbally).
This study's findings demonstrate the significant benefits
of using the keyword technique to assist English weak
form pronunciation.

6. Conclusion

This study explored the effectiveness of learning pronun-
ciation with keyword technique to enhance pronunciation
improvement. In general, keyword technique had been
found an effective tool to aid L2 pronunciation and it is
more effective than no keyword used. However, the com-
puter-assisted keyword was found slightly superior to the
traditional keyword to facilitate weak forms pronuncia-
tion. The participants learned pronunciation better when
they used computer-assisted keyword than when they used
traditional keyword technique.

6.1 Pedagogical Implications

This study has generated several pedagogical implications
for foreign language teachers.

L2 instructors might benefit from the results of this
study to present material in a way that enhances pronunci-
ation. One of the pedagogical implications for L2 instruc-
tors is to use both types of keywords (computer-assisted
or traditional) to teach pronunciation. The teachers should
make the keyword salient in the video presented to help
the learners match the pronunciation of the weak forms
accurately.

6.2 Limitations and Suggestions for Future Studies

There were several limitations to the current study. First,
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the small number of participants may threaten the validity
of the study findings. Thus, a study with a large sample
size would yield stronger evidence to generalize the find-
ings. In this study, only one mode for a computer-assisted
keyword was used (video L1 dubbing). Therefore, the
study recommends that further studies investigate the
impact of different modes (e.g. video + text that contains
phonetic symbols) on learning pronunciation. The study
suggests that further research explore the effect of com-
puter-assisted keywords on learning pronunciation among
young learners because age is a crucial factor for learning
pronunciation.
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Appendix A (Sentences for the Pre- and Post-Test)

We can wait for the bus.

There are some books I must read.

She took her aunt for a drive.

The basket was full of things to eat.

You ought to have your own car.

He wants to come and see us at home.

Have you taken them from that box?

It's true that he was late, but his car was broken.
I shall take as much as I want.

[ am too late to see him today.
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1. Introduction

s one of the pivotal assumptions of item response

Use of cutoff values for model fit indices to assess dimensionality of binary data representing
scores on multiple-choice items is a popular approach among researchers and practitioners,
and the commonly used cutoff values are based on simulation studies that used as the gener-
ating model factor analysis models, which are compensatory models without modeling guess-
ing. Consequently, it remains unknown how those cutoff values for model fit indices would
perform when (a) guessing exists in data, and (b) data follow a noncompensatory multidimen-
sional structure. In this paper, we conducted a comprehensive simulation study to investigate
how guessing affected the statistical power of commonly used cutoff values for RMSEA, CFA,
and TLI (RMSEA > 0.05; CFA < 0.95; TLI < 0.95) to detect violation of unidimensionality of
binary data with both compensatory and noncompensatory models. The results indicated that
when data were generated with compensatory models, increase of guessing values resulted in
the systematic decrease of the power of RMSEA, CFA, and TLI to detect multidimensionality
and in some conditions, a small increase of guessing value can result in dramatic decrease of
their statistical power. It was also found that when data were generated with noncompensatory
models, use of cutoff values of RMSEA, CFA, and TLI for unidimensionality assessment had
unacceptably low statistical power, and while change of guessing magnitude could consider-
ably change their statistical power, such changes were not systematic as in the compensatory

models.

latent variable. Numerous studies have shown that viola-
tions of the assumption of unidimensionality can lead to

theory (IRT), unidimensionality stipulates that serious psychometric consequences such as biased item
item responses are driven by a single underlying  parameter estimates, equating errors, and misclassification
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MBI - Aside from its critical importance

of examinees
in the valid application of IRT, the other two reasons that
unidimensionality is of particular interest to researchers
and practitioners, as summarized by Stout, are that the pri-
mary ability a test intends to measure should not be con-
taminated by other abilities and a unified latent variable is
the precondition of meaningful comparison of individu-
als®.

Probably due to its statistical importance and concep-
tual attractiveness, unidimensionality has received exten-
sive attention in the psychometric literature!”™" and a
plethora of methods have been developed to assess unidi-

11][]2][]3][14][15][16][17][]8]. Among them, factor

mensionality' "
analytic methods, "an important tool"!"”! for dimensional-
ity assessment of IRT models, are especially attractive to
many structural equation modeling (SEM)“" research-
ers since such methods are housed in the familiar SEM
framework and require no additional IRT-based software
programs other than common SEM ones. In this paper we
focus on one such factor analytic method, namely the use
of cutoff values of fit indices within SEM framework to
assess unidimensionality with binary data. We assume that
the binary data are item scores of multiple choice items
and consequently, guessing is expected to exist within the
data.

The use of fit indices for unidimensionality assessment
makes intuitive sense in light of the mathematical equiv-
alence between factor models with categorical variables
and IRTPIPIBIRANRSL Gf fit indices can be used to assess
whether a one-factor model fits data satisfactorily, why
cannot they be used to test whether a two-parameter nor-
mal ogive model, the IRT analog of the one-factor model
with categorical variables, represents the data well? If
these fit indices indicate good model fit based on some
well-established cutoff values, it is concluded that the
unidimensionality assumption is not violated. Despite its
logical intuitiveness, this fit-index-based approach with
binary data makes two implicit assumptions: first, those
well-established cutoff values of model fit indices are
applicable to cases of unidimensionality assessment with
binary data; second, such cutoff values are robust to the
existence of guessing.

The cutoff criteria for model fit indices proposed by
Hu and Bentler®® have been hugely popular among re-
searchers interested in assessing the latent structure of
their data. Although unidimensionality assessment is not
included as a condition in their simulation study, these
cutoff values have been nevertheless used by SEM re-
searchers for unidimensionality assessment””. Despite
their tremendous popularity, researchers have raised
concerns about indiscriminate use of those indices""

10 Distributed under creative commons license 4.0

PIRIBUE " on the grounds that these fit indices are sen-

sitive to different type of model misspecifications and
consequently, establishment of cutoff values for model
fit indices that are universally applicable is, if not impos-
sible, very difficult. As pointed out by Huggins-Manley
and Han""', Hu and Bentler's simulation study””, as well
as other similar simulation studies”*"* that address es-
tablishment of cutoff values, focus on misspecifications
of factor loadings and/or latent variable correlations in
multidimensional models. It remains unclear how model
fit indices would perform when a unidimensional model
is imposed upon data generated with multidimensional
models.

While the impact of model misspecification type upon
performances of model fit indices has been extensively
studied in the literature, measurement quality, which can
tremendously change the statistical behavior of model
fit indices, fails to receive attention from researchers
and practitioners with a few exceptions™*”. As demon-
strated by McNeish, An, and Hancock, change of mea-
surement quality (operationalized through the change of
magnitude of standardized factor loadings) can result in
drastically different distributions of model fit indices"
and consequently, the model fit indices are meaningless
without taking into consideration the standardized factor
loadings. If measurement quality is conceptualized as
the strength of the relation between indicators and the
target latent variable, we argue that measurement quality
can deteriorate with either the decrease of magnitude of
standardized factor loadings, or with the introduction
of guessing and the increase of guessing magnitude. As
measurement quality can also be affected by the exis-
tence of guessing, we believe that the expected ubiq-
uitous existence of guessing due to the common use of
multiple-choice questions in educational setting, is of
huge relevance when it comes to the dimensionality as-
sessment of binary data. Since the common cutoff values
of model fit indices were proposed in the factor analysis
framework and based on data generating models that do
not incorporate guessing, we believe their performances
will be negatively affected by guessing based on pre-
vious studies that investigated the effect of guessing in
factor analysis models™™ !, To date, there have been
no simulation studies that systematically investigate the
guessing effect upon the performances of cutoff values
of model fit indices.

Aside from guessing, another factor that has not re-
ceived sufficient attention in the literature regarding
the use of model fit indices for model assessment is the
multidimensional nature of data (whether data exhibits
compensatory or noncompensatory multidimensionality).
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While educational and psychological researchers usually
focus on compensatory multidimensionality, noncom-
pensatory multidimensionality occurs occasionally in
some educational test items that require multiple skills
and inadequacy in one skill cannot be compensated by
other skills™". In the aforementioned simulation studies
that dealt with categorical indicators"“"" the research-
ers generated data based on factor analysis models that
are equivalent to the compensatory IRT models, and it
remains unknown how model fit indices, which are based
on the factor analysis framework and therefore com-
pensatory IRT models, will perform with data generated
with noncompensatory IRT models. Previous studies
have indicated that common dimensionality assessment
methods that perform well with compensatory models
may fall short with noncompensatory ones . In addi-
tion, it is equally unclear whether and how guessing sys-
tematically affect the performances of cutoff values of
model fit indices with data following noncompensatory
structures.

The purpose of this study is to systematically investi-
gate the impact of guessing upon the statistical power of
cutoff criteria of model fit indices to refute unidimension-
ality when data are generated with both compensatory
and noncompensatory IRT models. Specifically, since the
standardized root mean square residual (SRMR) is not
recommended for dichotomous items™, we focus on the
comparative fit index (CFI), the Tucker-Lewis Index (TLI),
and the root mean square error of approximation (RM-
SEA), which are the also the fit indices reported in the
popular latent variable modeling software Mplus™ with
the default weighted least squares mean- and variance-ad-
justed™ estimator for categorical variables. Due to the ex-
istence of a large body of literature that provides excellent
review of model fit indices, we do not review CFI, TLI,
and RMSEA in this paper but refer interested readers to **
for a comprehensive introduction*”.

The remainder of this paper is organized as follows.
First, we review some influential simulation studies in
which the commonly used cutoff values of fit indices were
either established or validated. Next, we review previous
studies that have investigated the effect of guessing in the
factor analysis framework, followed by a review of studies
dealing with dimensionality assessment of data generated
with noncompensatory IRT models. In the method section
we  present simulation studies conducted
to investigate how commonly used cutoff values of
CFI, TLI, and RMSEA perform with binary data
generated with both compensatory
noncompensatory IRT models. We conclude this paper
with conclusions and discussions, as
advice for applied researchers and practitioners who are

two

and

well as some
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interested in using model fit indices for unidimensionality
assessment.

2. Literature Review

2.1 Simulation Studies on Model Fit Indices

In their highly influential study, Hu and Bentler"™

ated continuous data based on two model types (complex
and simple), both of which assumed fifteen observed vari-
ables and three factors. They fixed the factor variances to
1.0 and the correlation between factors to 0.5, 0.4, and 0.3.
For the simple model type, five variables load on each fac-
tor and there are no cross loadings; for the complex model
type, one out of five variables that loads on one specific
factor has a cross loading with another factor. They cre-
ated seven data generation conditions by manipulating
factors such as normality and correlation between factors
and errors. To create scenarios of model misspecification,
they either constrained the between factor correlation or
some cross factor loadings to be zero. They created 200
replicated datasets within each condition and established
the following cutoff values for model fit indices based on
their simulation results: RMSEA < 0.06, CFI > 0.95, TLI
>0.95.

As Yu™ decisively pointed out, Hu and Bentler's sim-
ulation study was based on maximum likelihood (ML)
estimation method with continuous data, which is not
suitable for categorical data usually estimated with robust
diagonally weighted least square (DWLS) estimation
methods. Since DWLS and ML use different fit functions
and hence the chi-square values are different, the behavior
of chi-square-based model fit indices might be different
across different estimation methods and the cutoff values
proposed out of simulation studies using one estimation
method should not be generalized to other methods. She
followed a similar simulation study design as Hu and
Bentler's but focused on categorical outcomes and WLS-
MYV estimator, the robust DWLS estimation method im-
plemented in Mplus. She found that SRMR is not a good
mode fit index for binary outcomes. TLI > 0.95 seems to
perform satisfactorily when the sample size is greater than
250; for CFI, she found that CFI > 0.96 seems to perform
better than CFI > 0.95; with RMSEA, she found that RM-
SEA < 0.05 outperforms RMSEA < 0.06.

Driven by the realization that Hu and Bentler's study
was based on ML estimator with continuous outcomes
and consequently, their proposed cutoff values of model
fit indices might not generalize to cases of categorical out-
comes estimated with DWLS estimator, Nye and Drasgow
B4 conducted a simulation study to investigate how the
cutoff values proposed by Hu and Bentler performed with
binary data estimated with the DWLS estimator imple-

gener-
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mented in LISREL 8.71"). Specifically, they simulated
data from a two-factor model (the between factor correla-
tion was fixed at 0.3) with 15 variables that either load on
one factor or both factors; they manipulated the sample
size to have three levels (400, 800, and 1600); they further
manipulated the underlying distribution to have three lev-
els (multivariate normal, moderately skewed, and severely
skewed); they created misspecification scenarios by either
constraining some factor loadings to be zero or both some
factor loadings and between factor correlation to zero.
They found that the commonly used cutoff values did
not have enough power with DWLS estimator and more
stringent values need to be used, and they concluded that
simple cutoff values for model fit indices would not work
since model fit can only be evaluated effectively in com-
bination with the specific data.

While both Yu®” and Nye and Drasgow"" investigated
the performances of these model fit indices with DWLS
estimator and binary outcomes, neither included guessing
in their data generation process and as a result, the effect
of guessing upon the performance of model fit indices
remains unclear. In addition, both simulations studies
simulated data base on some factor analysis models and
consequently, it is unknown how these model fit indices
would perform with data generated with noncompensato-
ry IRT models. Another difference is the nature of model
misspecification: in both studies model misspecification
takes the form of erroneous between-factor correlations
or factor loadings, which is different from imposing a
unidimensional structure upon data with multidimensional
nature-the misspecification scenario we focus on in the
current study.

2.2 Guessing in the Factor Analysis Framework

The effect of guessing is rarely investigated in the factor
analysis framework. Among the few studies available,
Carrol™ found that when guessing was modeled, the
tetrachoric correlations were corrected and hence stron-
ger relation among the indicators were expected. In other
words, if guessing was not modeled, the tetrachoric cor-
relations would be attenuated relative to the true values.
Considering that DWLS estimator is based on the estima-
tion of tetrachoric correlations, such attenuation effects
are expected to exist with data generated with guessing in
the factor analysis framework.

Subsequent studies corroborate Carrol's findings.
Tate"™ conducted a simulation study to investigate how
guess affects decisions regarding dimensionality and pa-
rameter recovery in both exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA). He found that
with guessing parameter fixed to be 0.2 in various multidi-
mensional models, both EFA and CFA based on tetracho-
ric correlations uncorrected for guessing resulted in lower

12 Distributed under creative commons license 4.0

power to identify the true dimensionality. In terms of pa-
rameter recovery, the item thresholds and factor loadings
in both EFA and CFA showed downward biases, which
range in magnitude from 0.1 to 0.8 for item thresholds,
and from 0.1 to 0.5 for factor loadings. Such biases were
exacerbated with extreme item difficulties and discrimina-
tions.

Stone and Yeh"™ also investigated the guessing effect
in EFA implemented in TESTFACT™ using the Multi-
state Bar Examination data. They found that when guess-
ing was modeled, the first eigenvalue of exploratory factor
analysis (EFA) become larger and more items loaded sub-
stantially on factors. In addition, the average tetrachoric
correlation increased from 0.07 to 0.11. Yeh conducted a
large-scale simulation study to investigate guessing effect
in EFA implemented in Mplus and TESTFACT™”. Using
a fixed sample size of 2,000 and a test length of 60 items,
she systematically manipulated the number of dimen-
sions, item discrimination parameters, between dimension
correlations, and guessing magnitude to create various
simulation conditions. Within each condition, 100 datasets
were generated and estimated with EFA procedures im-
plemented in both Mplus and TESTFACT. She found that
TESTFACT, which allows the users to provide guessing
values, outperformed Mplus in most simulation conditions
regarding the ability to confirm the correct dimensionality.

2.3 Noncompensatory MIRT Model

Multidimensional IRT (MIRT)"” models consist of com-
pensatory and noncompensatory cases. Whereas the com-
pensatory MIRT model is mathematically equivalent to a
multi-factor model with categorical indicators (which is
also known as a nonlinear factor model), the noncompen-
satory MIRT model does not have an equivalent counter-
part in the factor analysis framework. The mathematical
equation for a three parameter logistic noncompensatory
MIRT model®" takes the following form:

D
|
PWU, =1|¢,a,b.,c)=c,+(l1—c,
Uy =titensbpe)=e (=)l I,

_bjd))
(1

where Uj is the response of examinee i to item j, D is
the number of dimensions, 6,,1is the ability of examinee i
on dimension d, a;, and b, are the discrimination parame-
ter and difficulty parameter of item j on dimension d, and
¢, is the lower asymptote of item j . As indicated by the Pi
notation, the noncompensatory MIRT model assumes that
inadequacy in one dimension cannot be completely com-
pensated by adequacy in another dimension.

Comparing to a large number of methodological stud-
ies investigating the performance of various dimension-
ality assessment techniques with data generated using
the compensatory model, there are considerably fewer
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ones focusing on data with noncompensatory structures.
Among those few, Hattie, Krakowski, Rogers, and Swa-
minathan investigated the performance of Stout's in-
dex of essential unidimensionality implemented in the
DIMSEST software” with data generated using both the
compensatory and noncompensatory model. They found
that the DIMTEST procedure performed poorly when the
data was generated with the latter model, and attributed
its poor performance to the problems in estimating tetra-
choric correlations. A more recent study is a simulation
study conducted by Svetina'®’!, in which she generated
data using the 2PL noncompensatory MIRT model and
compared the performance of two methods (exploratory
vs. cross validated) based on DETECT (Dimensionality
Evaluation To Enumerate Contributing Traits)”*""*** and
three methods”**** based on NOHARM (Normal Ogive
Harmonic Analysis Robust Method)*”. Having found that
the performances of those methods can only be considered
acceptable in a small number of conditions, she suggest-
ed that further studies be conducted before consideration
of applying those methods to data suspected of having
noncompensatory structure. It should be noted that in the
above two studies, the magnitude of guessing was not
systematically investigated: in the first study Hattie and et
al. manipulated the lower asymptote to be either 0 or 0.15;
Svetina only considered a 2PL model in which the guess-
ing is assumed not to exist.

3. Methodology

3.1 Outcome Variable

A one-factor model was fit to each generated data set
using Mplus with WLSMYV estimator and RMSEA, CFI,
and TLI were computed. For each of these three model fit
indices, we computed its empirical power rate, which is
the number of times that the model fit is considered poor
divided by the number of replications within a simulation
condition, using the following cutoff values: RMSEA >
0.05, CFI < 0.95, TLI < 0.95. It should be noted that for
the sake of simplicity, in the following sections we use
terms such as the power of RMSEA to refer to the power
of using the cutoff value RMSEA > 0.05, the power of
CFI for the power of using the cutoff value CFI < 0.95,
and the power of CFI for the power of using the cutoff
value TLI < 0.95.

3.2 Study Design

In both the compensatory and noncompensatory cases, the
number of dimensions were fixed to three and following
factors were manipulated:

1) Sample size (500, 1,000, or 2,000)

2) Number of items (30 or 60)

Distributed under creative commons license 4.0

3) Between dimension correlation (0, 0.3, 0.5, and 0.7)
4) Pseudo-guessing value (0, 0.1, 0.2, 0.3, and 0.4)

For both the compensatory and noncompensatory
cases, we have a fully crossed design with 3*2*4%5=120
conditions. Within each condition, we generated 1,000
datasets based on the corresponding MIRT model.

3.3 Item Response Generation

For both compensatory and noncompensatory cases, latent
abilities were generated from three-dimensional multi-
variate normal distributions with a mean vector of Os and
a variance vector of 1s, and different levels of between
dimension correlation values as specified in the previous
section. Another commonality between the compensatory
and noncompensatory cases is the systematic manipu-
lation of pseudo-guessing values. The two cases differ
regarding the generated item discrimination and difficulty
parameter values.

For the compensatory case, the following three-dimen-
sional three-parameter logistic (3PL) item response theory
(IRT) model was used to generate item responses:

1
PU, =110,,a,d ,c)=c +(—c 2
U =118,a,.d.¢)) = ¢; +( C‘/)1+exp(—aj9i+dj)) @)

where a; is a vector of item j's discrimination parame-
ters on the three dimensions, 0, is a vector of examinee i's
scores on the three dimensions, d; is item j's multidimen-
sional difficulty parameter, and ¢, is the pseudo-guessing
parameter. For item discrimination and difficulty parame-
ters a; and d, , we used values provided by Reckase™ as a
realistic approximation of tests of simple structure. Since
there are only 30 sets of item parameters, we generated
another 30 similar items: for a; , we added a random val-
ue drawn from N (0, 0.02) to each of the original 30 sets
of discrimination parameters; for d; , we added a random
value drawn from N (0, 0.1) to each of the original 30
difficulty parameters. When the number of items is 30,
only the first 30 sets of item discrimination and difficulty
parameters were used for item response generation; when
the number of items is 60, all 60 sets of item discrimina-
tion and difficulty parameters were used.

For the noncompensatory case, we followed the same
item generating scheme adopted by Svetina: item diffi-
culty parameters were generated to fall in the range of -1.5
to 1.5 with an increment of 0.75, and item discrimination
parameters on the dominant dimension were generated
to range from 0.8 to 1.6 with an increment of 0.2, while
on the remaining two dimensions they were generated to
be 0.2 smaller than their counterparts on the dominant
dimension. Items responses were generated based on the
model specified in Equation 1.
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4. Results

4.1 Compensatory Model

Table 1 lists the power rates of RMSEA to correctly reject
unidimensionality across different simulation conditions;
those of CFI and TLI appear in Tables 2-3. Specifically,
the value within a cell indicates the number of times to
reject unidimensionality divided by 1,000, when using the
cutoff value for a given model fit index for data generated
under a certain simulation condition. For example, the
value 0.022 on the second row of Table 1 means that when
sample size was fixed to 500 students and test length to
30 items, by applying RMSEA > 0.05 only 22 datasets
were correctly identified as multidimensional out of the
1,000 datasets generated based on the 3PL MIRT model in
Equation 2 with the between-dimension correlation equal
to 0.5 (denoted as C3 in the table) and the pseudo-guess-
ing parameter equal to 0.1 (denoted as G2). Similarly, the
value 0.033 on the third row of Table 2 means that when
sample size was fixed to 2,000 students and test length to
30 items, by applying CFI < 0.95 only 33 datasets were
correctly identified as multidimensional out of the 1,000
datasets generated based on a 3PL MIRT model with the
between-dimension correlation equal to 0.7 (denoted as
C4 in the table) and the pseudo-guessing parameter equal
to 0.2 (denoted as G3). As can be seen, a common pattern
for the three model fit indices is that their power decreas-
es with the decrease of sample size and the increase of
guessing magnitude, between-dimension correlation, and
test length.

Table 1. Power of RMSEA to Reject Unidimensionality
in Compensatory Models

S8 =500 88 =1,000 88 =2,000

C1 cz C3 Cc4 C1 c2 Cc3 c4 C1 cz C3 C4

30 Ttems
G1 1 1 0945 0 1 1 1 0 1 1 1 0
G2 1 0986 0.022 0 1 1 0015 0 1 1 0.049 0

G3 1 0.051 0 0 1 0.099 0 0 1 0.306 0 0

G4 0.284 0 0 0 0.707 0 0 0 0.949 0 0 0
G5 0 0 0 0 0 0 0 0 0 0 0 0
60 Items

Gl 1 1 0.013 0 1 1 0.198 0 1 1 0941 0
G2 1 0022 0 0 1 0491 0 0 1 1 0 0
G3 0.305 0 0 0 1 0 0 0 1 0 0 0
G4 0 0 0 0 0 0 0 0 0 0 0 0
G5 0 0 0 0 0 0 0 0 0 0 0 0

Note. C1-C4 represent the between-dimension correlation value (C1=0, C2=0.3, C3=0.5,
C4=0.7); G1-GS5 refer to the pseudo-guessing parameter value (G1=0, G2=0.1, G3=0.2, G4=0.3,

G5=0.5).
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Table 2. Power of CFI to Reject Unidimensionality in
Compensatory Models

S8 =500 S8 = 1,000 $8 = 2,000

C1 c2z Cc3 C4 Cc1 C2 c3 C4 ci1 Cc2 3 C4

30 Items

Gl 1 1 098 0.04 1 1 1 0022 1 1 1 0.023

G2 1 1 0911 0.03 1 1 0983 0.03 1 1 1 0.029

G3 1 1 0.669 0.036 1 1 0.805 0.028 1 1 0.985 0.033

G4 1 1 0.472 0.034 1 1 0.467 0.025 1 1 0.676 0.028

G5 1 1 0476 0.028 1 1 028 0026 1 1 0283 0.031

60 Items

Gl 1 1 0955 0025 1 1 1 0.03 1 1 1 0.024

G2 1 1 0.678 0.029 1 1 0.982 0.026 1 1 1 0.024

G3 1 1 0.281 0.033 1 1 0.684 0.027 1 1 0.983 0.024

G4 1 1 0.206 0.025 1 1 0.194 0.027 1 1 0.295 0.021

G5 1 1 0114 0.024 1 1 0061 0024 1 10024 0.024

Note. C1-C4 represent the between-dimension correlation value (C1=0, C2=0.3, C3=0.5,
C4=0.7): G1-G5 refer to the pseudo-guessing parameter value (G1=0, G2=0.1, G3=0.2, G4=0.3,

G5=0.5).

Table 3. Power of TLI to Reject Unidimensionality in
Compensatory Models

S8 =500 88 = 1,000 88 = 2,000

C1 c2 c3 Cc4 C1 Cc2 C3 Cc4 c1 Cc2 c3 Cc4

30 Items

Gl 1 1 1 0.04 1 1 1 0022 1 1 1 0.023

G2 1 1 0564 0.03 1 1 1 0.03 1 1 1 0.029

G3 1 1 0797 0.036 1 1 0%61 0.028 1 1 1 0.033

G4 1 1 0472 0.034 1 1 0691 0025 1 1 0.798 0.028

G5 1 1 0476 0.024 1 1 0458 0026 1 1 0472 0031

60 Items

G1 1 1 0.955 0.025 1 1 1 0.03 1 1 1 0.024
G2 1 1 0.784 0.029 1 1 1 0.026 1 1 1 0.024
G3 1 1 0.477 0.033 1 1 0.795 0.027 1 1 1 0.024

G4 1 1 0.206 0.025 1 1 0.298 0.027 1 1 0.492 0.021

G35 1 1 0.186 0.024 1 1 0.061 0.024 1 1 0.062 0.024

Note. C1-C4 represent the between-dimension correlation value (C1=0, C2=0.3, C3=0.5,
C4=0.7); G1-G5 refer to the pseudo-guessing parameter value (G1=0, G2=0.1, G3=0.2, G4=0.3,

G5=0.5).

4.1.1 Without Guessing

Figure 1 shows how RMSEA, CFA, and TLI perform with
the baseline conditions (no guessing) at various combina-
tions of sample size, between-dimension correlation, and
test length. Same as in tables 1-3, C1, C2, C3, and C4 on
the horizontal axis represent the magnitude of between-di-
mension correlation; the values on the vertical axis, which
range from zero to one, represent the statistical power of
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applying the cutoff value of a given model fit index under
different simulation conditions. For example, the upper
left panel displays the statistical power of applying RM-
SEA > 0.05 with data generated with thirty items, three
sample sizes, four levels of between-dimension correla-
tion, and without guessing.

As can be seen, when the correlation between the three
dimensions is no greater than 0.5, all three indices have
satisfactory power (greater than 0.9) to detect multidi-
mensionality regardless of sample size and test length,
with the exception of RMSEA having low power (lower
than 0.2) when the sample size is either 500 or 1000 and
the test length is 60 items. When the between-dimension
correlation increases to 0.7, RMSEA, CFI, and TLI have
extremely low power (lower than 0.1) regardless of sam-
ple size and test length. Sample size seems to have no
considerable effect when the correlation between dimen-
sions is no greater than 0.3, and the power only increases
marginally with sample size increase when the correlation
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between dimensions is 0.5. One interesting pattern is
that when the between-dimension correlation is 0.5, the
performance of RMSEA is inversely related to the test
length: its power with sample sizes of 500 and 1000 drops
precipitously when the test length increases from 30 items
to 60 items.

4.1.2 Impact of Guessing

As can be seen in Table 1, the power of RMSEA decreas-
es with the increase of guessing magnitude, correlation
between dimensions, and test length. Its power increases
marginally with the increase of sample size. Compared
with RMSEA, neither CFI nor TLI is influenced by the
increase of guessing magnitude when the correlation be-
tween dimensions is low: both have a power of one when
the correlation is 0.3 or lower. When the correlation is 0.5
or higher, however, the power of both decreases consid-
erably with the increase of guessing magnitude regardless
of the sample size and test length.

Power of RMSEA with TL=60
09
08
07
06
05
04
03
02
01

=

c1 (@) (<} c4

WSS=500 4 55=1000 M SS=2000

Power of CFl with TL=60

09
08
07
06
05
04
03
02
01

i it — i
C1 c2 3 c4

WSS=500 #:SS=1000 M@ SS=2000

Power of TLI with TL=60

09
08
07
06
05
04
03
02
0.1

—

c1 2 c3 c4

WSS=500 4 S5=1000 M@ SS=2000

Figure 1. Power of RMSEA, CFI, and TLI with no guessing in compensatory models
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To further explore the guessing impact upon the sta-
tistical power of RMSEA, CFI, and TLI, in Figure 2 we
plot the average power rate of each model fit index across
three sample sizes. Same as in tables 1-3, G1, G2, G3, and
G4 on the horizontal axis represent the guessing magni-
tude, and the vertical axis represents the average statistical
power across three sample sizes of applying the cutoff
value of a given model fit index. For example, the bottom
right panel displays the average statistical power of apply-
ing TLI < 0.95 across three sample sizes with data gen-
erated with sixty items, four levels of between-dimension
correlation, and four levels of guessing magnitude.

For RMSEA, when the guessing is no greater than 0.1,
the statistical power is close to one with the between-di-
mension-correlation no greater than 0.3 and the test length
equal to 30; if the test length increases to 60, however,
the power of RMSEA drops to 0.5 when the between-di-
mension-correlation is 0.3. When the guessing is 0.2, the
statistical power is one only with the between-dimen-
sion-correlation is zero and the test length is 30; if the test
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length increases to 60, however, the power of RMSEA
drops to slightly lower than 0.8. When the guessing is
0.3 or 0.4, RMSEA has no satisfactory statistical power
regardless of the between-dimension-correlation and test
length.

CFI and TLI seem to be robust to the guessing when
the between-dimension correlation is no greater than 0.3:
their power remains invariably close to one regardless of
the guessing value and sample size. When the between-di-
mension correlation is 0.5, guessing seems to have a sys-
tematic influence: the power of both CFI and TLI decreas-
es with the increase of guessing value. Test length also
plays a role regarding the power of CFI and TLI when the
between-dimension correlation is 0.5: both indices have
consistently lower power when the test length is 60 items
than when it is 30 items. When the test length is 30 items
and the between-dimension correlation is 0.5, both CFI
and TLI have satisfactory power (greater than 0.8) when
guessing is no greater than 0.2; when the test length is 60
items and the between-dimension correlation is 0.5, CFI
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Figure 2. Power of RMSEA, CFI, and TLI with different guessing levels in compensatory models
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and TLI have satisfactory power (greater than 0.8) only
when guessing is no greater than 0.1. Similar to RMSEA,
neither CFI nor TLI has enough statistical power when the
between-dimension-correlation is 0.7 regardless of guess-
ing value, sample size, and test length.

4.2 Noncompensatory Model

As the power of RMSEA to reject unidimensionality are
invariably zero across all simulation conditions, we focus
on the power of CFI and TLI in the concompensatory cas-
es. Table 4 lists the power of CFI to reject unidimension-
ality across different simulation conditions, and those of
TLI appear in Table 5. Different than the pattern observed
in the preceding compensatory model that guessing mag-
nitude, between-dimension correlation, sample size, and
test length systematically affect the power of RMSEA,
CFA, and TLI, here the only discernable pattern is that
the power of these three model fit indices decreases with
the increase of between-dimension correlation. In terms
of guessing, although the power of RMSEA, CFA, and
TLI change with the change of guessing magnitude, the
change is not in a systematic pattern as in the compensato-
ry cases. Another difference is that the power of RMSEA,
CFA, and TLI observed here seem to be considerably low-
er than in the compensatory model.

4.2.1 Without Guessing

As RMSEA has no statistical power regardless of the
guessing value, the between-dimension-correlation, and

Table 4. Power of CFI to Reject Unidimensionality in
Noncompensatory Models

test length, we focus on CFI and TLI regarding their
performances with the baseline condition (no guessing).
Figure 3 plots the mean power rates of these two model
fit indices across averaged across four between-dimension
correlation values. Regardless of the test length, their
statistical power becomes satisfactory (CFI has statistical
power slightly lower than 0.8 when the test length is 30)
only when the between-dimension-correlation value is
zero. In contrast to what has been observed in the com-
pensatory cases where statistical power of RMSEA, CFA,
and TLI decreases with the increase of test length, with
zero between-dimension correlation CFI and TLI have
slightly higher statistical power when the test length is 60
items than when it is 30 items.

4.2.2 Impact of Guessing

As the power of RMSEA remains zero in all simulation
conditions, it is not possible to evaluate the effect of
guessing upon the performance of RMSEA. In this sec-
tion we focus on how guessing affects the performances
of CFI and TLI in the noncompensatory cases. As can be
seen from Tables 4-5, when data were generated with a
noncompensatory IRT model, while the power of CFA and
TLI seem to decrease with the increase of between-dimen-
sion correlation value, there seems to be no discernable
patterns regarding how their power change as a result of
the change of guessing value, test length, or sample size.

To further explore the guessing impacts upon the statisti-
cal power of these two model fit indices, in Figure 4 we

Table 5. Power of TLI to Reject Unidimensionality in
Noncompensatory Models

5§85 =500 §8 = 1,000 $§ = 2,000

55 =1500 SS = 1,000 $S = 2,000

C1 c2 C3 Cc4 C1 cz C3 Cc4 C1 c2z C3 4

C1 Cc2 C3 C4 C1 c2 Cc3 C4 C1 c2 C3 C4

30 Items

Gl 0.789 0.104 0 0 0.451 0 0 0 0.085 0 0 0
G2 0.482 0297 0.032 0.054 0.292 0.024 0 0 0.206 0 0 0
G3 0421 0275 0.06 0.108 0.438 0.123 0 0 0.21 0 0 0

G4 0414 0407 0.194 0.205 0427 0.203 0.076 0.079 027 0.068 0 0

G5 0411 0406 0258 0.266 0.387 0.264 0.19 0.221 028 0.184 0.088 0

60 Ttems

Gl 0.989 0 0 0 0.502 0 0 0 0.189 0 0 0
G2 0.818 0052 0.03 0 0.806 0.062 0 0 0.804 0.017 0 0
G3 0.677 021 0.055 0 0.485 0.051 0 0 0.488 0 0 0
G4 0.651 0299 0212 0.061 0.482 0.123 0 0 0.492  0.008 0 0

G5 0.619 0462 0279 0.225 0452 0296 0.071 0.017 0475 0.111 0 0

30 Items

Gl 0921 0.197 0 0 0.451 0 0 0 0.175 0 0 0

G2 0.513 0.297 0.063 0.054 0479 0059 0 0.028 0.297 0 0 0

G3 0512 0283 0.1 0.1 0497 0.112 0.011 0.017 0292 0.014 0 0

G4 053 0515 0.186 0.201 0.539 0.194 0.099 0.06 0.295 0.051 0 0

G5 0.651 0.543 0.284 0295 0.56 0292 0.187 0.219 0.518 0.184 0.061 0

60 Items

Gl 0989 0 0 0 0.502 0 0 0 0.293 0 0 0

G2 0.819 0.099 0.03 0 0.806 0.106 0 0 0.908 0.027 0 0

G3 0.695 0206 0.053 0 0.493 0.051 0 0 0.488 0 0 0

G4 0.709 0493 0.203 0.048 0.522 0.193 0 0 0.499 0.016 0 0

G5 0.764 0.519 0.286 0322 0.531 0301 0.104 0.012 0.517 0.1 0 0

Note. C1-C4 represent the between-dimension correlation value (C1=0, C2=0.3, C3=0.5,
C4=0.7); G1-G5 refer to the pseudo-guessing parameter value (G1=0, G2=0.1, G3=0.2, G4=0.3,

G5=0.5).
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Note. C1-C4 represent the between-dimension correlation value (C1=0, C2=0.3, C3=0.5,
C4=0.7): G1-G5 refer to the pseudo-guessing parameter value (G1=0, G2=0.1, G3=0.2, G4=0.3,

G5=0.5).
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Figure 4. Power of RMSEA, CFI, and TLI with different guessing levels in noncompensatory models
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plot the average power rate of CFI and TLI across three
sample sizes. As can be seen, CFI and TLI have power
greater than 0.8 only when between-dimension correlation
is zero and the guessing value is 0.1; however, as far as
guessing is concerned, despite the fact that the power of
CFI and TLI changes with the change of guessing magni-
tude, no patterns can be observed that suggest a systematic
influence of guessing upon their statistical power to detect
multidimensionality.

5. Discussion and Conclusion

It should be noted that due to various warnings and cave-
ats against the use of cutoff values for model fit indices
for model fit assessment, methodologists have developed
an equivalence testing approach”™" that does not rely on
common cutoff values but create adjusted cutoff values.
Such methodological developments notwithstanding, the
use of cutoff values for model fit indices to assess mod-
el fit still remains hugely popular among studies across
many disciplings?NeHIO2IEI64

The purpose of this study was to reiterate the important
point that cut off values for model fit indices should never
be used indiscriminately for dimensionality assessment.
In addition, we explored how guessing and the nature
of multidimensionalty, two factors ignored in previous
studies, could further negatively affect the performances
of cutoff values for model fit indices in dimensionality
assessment. Specifically, we systematically investigated
how guessing affected the statistical power of commonly
used cutoff values for RMSEA, CFI, and TLI to refute
unidimensionality with binary data generated with either
compensatory or noncompensatory IRT models. It was
hypothesized that as all the simulation studies which es-
tablished the commonly used cutoff values for model fit
indices were based on factor analysis models, which do
not accommodate guessing, such cutoff values (RMSEA
<0.05; CFI > 0.95; TLI > 0.95) would exhibit poor statis-
tical power with binary data generated with IRT models
that include a guessing parameter within.

The simulation results show that when data were gen-
erated with a 3PL compensatory multidimensional IRT
model, increases of guessing value lead to decreases of
the power of RMSEA, and such decreases were exacer-
bated with the increase of between-dimension correlation.
For CFA and TLI, when the between-dimension correla-
tion was no greater than 0.3, they were robust to guessing
effect and their power remained constantly one regardless
of the guessing magnitude and sample size; the systematic
effect of guessing upon the power of CFA and TLI ap-
peared when the between-dimension correlation was 0.5,
in that their power decreased with the increase of guessing

Distributed under creative commons license 4.0

magnitude, and such decreases became more pronounced
with a longer test length. When the between-dimension
correlation was 0.7, all three indices had virtually no pow-
er to detect multidimensionality. When data were gener-
ated with a 3PL noncompensatory multidimensional IRT
model, guessing did not have a systematic effect upon the
statistical power of the three model fit indices, although
it should be noted that a small change of guessing mag-
nitude can result in a considerable change of statistical
power for a given model fit index. For example, as can be
observed in Table 6, when the sample size was 500 and
the between-dimension correlation was zero, the power of
TLI dropped from 0.921 to 0.513 when the guessing mag-
nitude changed from zero to 0.1.

We also investigated how the cutoff values performed
with the baseline conditions in which the guessing value
was zero (the model reduced to a 2PL compensatory/non-
compensatory IRT model). In the compensatory case, it
was found that when the between-dimension correlation
was no greater than 0.5, CFI and TLI exhibited statistical
power higher than 0.90 regardless of test length and sam-
ple size; RMSEA displayed the same pattern when the test
length was 30 items. When the test length was 60 items,
RMSEA performed poorly when the between-dimension
correlation was 0.5 with sample size equal to 500 or 1000,
and its statistical power went up to 0.941 when the sample
size was 2000. None of the model fit indices performed
satisfactorily when the between-dimension-correlation
was 0.7, regardless of sample size and test length. It
seems that when such high correlations exist between
dimensions, none of RMSEA, CFA, and TLI can statis-
tically differentiate such structures from unidimensional
structure. In the noncompensatory case, it was found that
RMSEA had no power at all to detect multidimensionality
regardless of the sample size, test length, and between-di-
mension correlation. CFI and TLI displayed unsatisfactory
power (less than 0.8) in most conditions with some excep-
tions: CFI had a power of 0.989 when the sample size was
500, the test length was 60 items, and the between-dimen-
sion correlation was zero; TLI had power greater than 0.9
when the test length was 60 items, and the between-di-
mension correlation was zero.

The well-known advice that model fit indices should
not be used indiscriminately is corroborated by the results
found in the baseline conditions where no guessing is
assumed to exist. Apparently, the power of CFI, TLI, and
RMSEA is affected by the test length in that (a) with the
same sample size, a longer test results in decreased power
of the three model fit indices, and (b) a larger sample size
is required for the three model fit indices to perform well
in a longer test. Taking the perspective that the degree

DOI: https://doi.org/10.30564/jiep.v1il.356 19



Journal of International Education and Practice | Volume 01 | Issue 01 | 2018

to which a model is misspecified is determined by the
statistical power to detect such misspecifications””, we
conclude that with the same generating model and same
model misspecification type, increased test lengths result
in amelioration of model misspecification due to the re-
duced statistical power: it is more difficult to detect model
specification of a less misspecified model. Although we
only investigated two test lengths in the current study, it is
expected that with tests consist of more than 60 items, the
power of these three model fit indices will be lower than
those presented in Tables 1-3. Another reason that the
common cutoff values cannot be generalized is that the
magnitude of factor loadings impact their performances.
Heene, Hilbert, Draxler, and Ziegler[“] found that the sta-
tistical power of RMSEA, SRMR, and CFI changes with
the change of the magnitude of factor loadings. In other
words, if data were simulated with different item parame-
ters, the results in Tables 1-3 might not be replicated. This
is further evidence that "golden rules" are extremely diffi-
cult, if not possible, to find.

The findings that the performances of RMSEA, CFA,
and TLI are subject to guessing effect are hardly sur-
prising. When guessing effect exists, the measurement
quality deteriorates, and as nicely stated by Hancock and
Muller””, "as measurement quality gets poorer, common
data-model fit indices-absolute, parsimonious, and/or in-
cremental in nature-paint an increasingly and deceptively
favorable picture of the model's latent structure." In other
words, the guessing effect introduces noise into data,
which can mask the true latent structure. What is surpris-
ing, however, is that a small increase of guessing mag-
nitude can result in precipitous decrease of the statistical
power of a certain model fit index considered in this study.
Take RMSEA as an example: as can be seen in Table 1,
when guessing increases from 0 to 0.1, its power drops
from 1 to 0.015 with a samples size of 1000 and a test
length of 30 items. CFI and TLI do not have such drastic
changes of power as RMSEA does, yet an increase of 0.1
of guessing magnitude can still result in a decrease of 0.2
to 0.3 regarding their statistical power.

One piece of advice to practitioners and researchers
who are interested in using model fit indices to assess uni-
dimensionality is that the consequent conclusions regard-
ing unidimensionality should be taken with a grain of salt
and interpreted cautiously, especially with binary data that
represent scores on multiple-choice questions. As shown
in this study, existence of guessing decreases the sensi-
tivity of RMSEA, CFA, and TLI to multidimensionality.
It is recommended that if model fit indices are used for
unidimensionality assessment, other techniques such as
DIMTEST and DETECT that can model guessing should

20 Distributed under creative commons license 4.0

be used jointly, although it is possible that different meth-
ods might disagree with each other'®. When facing incon-
sistence dimensionality assessment results from different
methods, we recommend using the bifactor modeling
approach! " which, unlike the other unidimensionality
assessment approaches that attempt to provide a yes/no
answer regarding unidimensionality, provides a detailed
picture of the consequence of treating the data as unidi-
mensional and allows one to empirically examine whether
and how the model parameter estimates change by fitting
a unidimensional structure to a multidimensional data set.

One limitation of the current study is that in the
compen-satory cases, we generated data using item
parameters that were designed to realistically mimic a
simple structure of multidimensionality with each
item predominantly measuring one dimension.
Although not strictly a simple structure, the generating
items are distinct from those used to mimic a complex
structure of multidimensionality, and it is expected that
the cutoff wvalues of the three model fit indices
considered in the current study will perform dif-ferently
with items following a complex structure.

Taken together, the results in the present study show
that when data follow a compensatory multidimensional
structure, guessing systematically decreases the power
of the commonly used cutoff values of RMSEA, CFA,
and TLI. When data follow a noncompensatory multidi-
mensional structure, these cutoff values do not perform
well and guessing does not seem to affect their power in a
systematic manner. Such findings point to two directions
for possible future research. First, as guessing systemat-
ically affects the distribution of model fit indices, which
is another reason cutoff values for these model fit indices
should not be used, the performances of other more recent
methods such as the equivalent testing approach men-
tioned earlier and the permutation test®'*” when dealing
with data containing guessing, should be investigated. The
finding that cutoff values for model fit indices performed
poorly in assessing the dimensionality of data generat-
ed with noncompensatory models, together with those
by Hattie, Krakowski, Rogers, and Swaminathan” and
Svetina'®’!, suggest that dimensionality assessment tech-
niques that are based on the compensatory framework do
not work well with noncompensatory data. In that regard,
methods specifically designed for noncompensatory data
are direly needed.
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1. Introduction

n the trends of globalization and internationalization
today, institutions of higher education (HEIs) has been
attracting much attention of policy makers because
the human resource development of a nation substantially
influences its economic growth.!”” However, due to chal-
lenges of fiscal policy of many nations, the distribution of
public services is required for greater efficiency. Accord-
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This paper aims to examine the determinants of the academic performance of 141 colleges
in Vietnam in the period 2011/12-2013/14. The second-step bootstrapping data envelopment
analysis is proposed to measure the performance of colleges and examine the influences of
environmental variables on their operational efficiency. The results disclose that colleges are
not technically efficient in their operations. To attain the frontier efficiency, colleges could
potentially advance their performance, on average, 37.7%. The inefficiencies of colleges can
be induced by external factors including location, age, and ownership presented as key influ-
encers. Our findings are anticipated to offer more insights of the performance of colleges for

policy makers on the way seeking possible solutions to enhancing innovation in performance

ingly, the performance of HEIs would be asked to be more
efficient.”” This is to say that assessing the performance
of HEISs plays a crucial role to address community's concern
and increase transparent accountability to society. "%,
Vietnam started its economic reform from 1986, strong-
ly linked to renovation in higher education. However, not
untill 1997, when the government introduced a new policy
(Resolution 90/1997/NQ-CP), in which private education
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was officially encouraged, Vietnamese higher education
has made remarkable growth in enrolments (142%) and
in numbers of universities and colleges (155%) for the
period 2000/01-2016/17. ' Government investment in
education has kept stable at least 20% of total national ex-
penditure, in which the average recurrent expenditure for
education and training is 11% at the central level and 89%
at the local level.""” In addition, as in comparison with the
national budget for education in 2013, the investment for
education in 2017 augmented by 59%. **) This implies the
great efforts of the government to enhance the innovation
of higher education.

Together with this, the government promulgated nu-
merous policies to support operations of higher education
such as Resolution 14/2005/NQ-CP for innovation in
higher education (the Higher Education Reform Agenda)
for 2006-2020 and Decision 711/2012/QD-TTg in terms
of innovative strategy in higher education for the phase
of 2011-2020. However, whether HEIs are working well
under the currently legal environment and if external un-
controlled factors can affect their performance have been
less concerned in empirical research in Vietnam.

Our main objective is to investigate operational effi-
ciency of Vietnamese colleges and impacts of determi-
nants that would cause colleges to be inefficient in their
performance. Such evaluation is fitting and timely to
understand better colleges' performance on the way to
seek feasible solutions for innovation and creativity in
academic operations. The structure of our study is planned
as follows. Section 2 briefly discusses the main features of
Vietnamese colleges. Section 3 presents a brief literature
review on efficiency measurement in higher education.
The method of analysis is presented in Section 4. Data
sources and variables are introduced in Section 5. The
empirical results of the study are presented in Section 6.
Discussion and conclusions are provided in Section 7.

2. Vietnamese Colleges

Vietnamese HEIs comprise universities and colleges.
According to the Ministry of Education and Training,””
there are a total of 444 HEIs including 235 universities
and 219 colleges. Although they are classified as HEIs
according to the 2012 Education Law, they face hetero-
geneous teaching environments. Colleges train students
with associate bachelor degrees (12+3). They do not offer
the postgraduate programs and tend to focus on academic
consultant services rather than academic research. Accord-
ingly, different sets of regulations are applied to them due
to their distinct states of nature. That is to say that gov-
ernment emphasises considerations at different levels on
assessment of performance of universities and colleges.

Distributed under creative commons license 4.0

Table 1. Growth of Colleges over the years

2000/01 | 2005/06 | 2010/11 | 2016/17
Institutions
Public 99 142 196 187
Private 5 12 30 30
Total 104 154 226 217
Enrolment
Public 171,922 | 277,176 | 581,829 | 516,296
Private 14,801 22,118 | 144,390 | 76,897
Total 173,912 | 299,294 | 726,216 | 593,193
Share of Total National Enrolment
Public 19% 20% 27% 20%
Private 2% 2% 7% 4%
Total 21% 22% 34% 24%

Sources: MOET (2018).

While policy makers place much concern on develop-
ment of universities, the role and position of colleges have
seemed to be ignored. In actual fact, colleges have con-
tributed significantly to higher education and economy by
supplying a highly qualified technician force to the labour
market.

In 2000/01, enrolments of colleges accounted for 21%
of total national enrolments. This figure increased to
34% in 2010/11. However, this figure witnessed a slight
decrease in 2016/17 to 24%. Although the contribution
of colleges to higher education is sound and worth be-
ing recognized, a reduction in total enrolments in recent
years may be a problem to be considered. However, little
research on performance of colleges has been undertaken
to see what the performance of colleges is and whether
there are any determinants that could potentially affect
performance of colleges, causing them to be inefficient
in the process of academic operations towards innovation
and creativity in learning and teaching activities. Hence, it
is timely to investigate these determinants for the aim of
improving performance of colleges.

3. Efficiency of Higher Education: A Review

Measuring the operational efficiencies of higher ed-
ucation has been the focus of many empirical studies in
recent years. Efficiency refers to comparing the current
performance to the best practice and measured by setting
outputs of a production unit against the inputs it uses.””
Put differently, efficiency technically measures the ability
of individual decision-making units (DMUs) to produce
maximum output given the levels of inputs or produce
the given levels of outputs at the minimum levels of the
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inputs. The two most common methods for estimating the
performance of HEIs are currently data envelopment anal-
ysis (DEA) and stochastic frontier analysis, which have
been widely applied for different organisations across
various countries. However, DEA is more well-known to
scholars and researchers since multiple inputs and outputs
can be used simultaneously without price information.
Moreover, prior assumption of the relationship between
inputs and outputs is not required as well. In this sense,
we aim to provide a brief literature review on efficiency
measurement in higher education using DEA that is rele-
vant and applicable to Vietnamese colleges' context.

Before 2000, the majority of studies focused on assess-
ing efficiencies of HEIs in developed countries such as
the US, the UK, Australia, and Canada. Ahn, Charnes and
Cooper'” estimated the technical and scale efficiency for
161 US HEIs that were grouped according to whether or
not they had a medical school in 1984/85. Their findings
indicate that private institutions are less efficient than
public institutions excluding medical schools. being 0.64
and 0.70, respectively. Coelli"” assessed the efficiency
of Australian HEIs using cross-sectional data for 1994.
The findings indicated that the mean technical efficiency
scores for the Australian university model were quite high,
0.95. In addition, Athanassopoulos and Shale' applied
DEA to estimate the efficiencies of 45 established univer-
sities in the UK during 1992/93. Their findings showed
that, in the cost efficiency model, the mean efficiency for
all institutions was estimated to be 0.83. Later, in 1992/93,
McMillan and Datta employed DEA to evaluate the
efficiency of 45 Canadian universities. The results from
these DEA analyses show that the mean efficiency score
for universities with medical schools was 0.94, whereas
that for universities without medical schools was 0.95.

For the period 2000-2015, studies on the efficiency of
HEIs have continued to develop in the advanced countries
with deeper analyses and have expanded in European and
Asian nations. For example, Avkiran'"” applied a DEA
method to measure the efficiency of 36 Australian uni-
versities based on a 1995 dataset. His findings were that
the mean efficiency score was 0.96 for the overall model,
0.97 for the model of delivery of services, and 0.63 for the
fee-paying enrolments model. A third study published by
Abbott and Doucouliagos' estimated the performance of
universities, using the same 1995 data as used in the work
of Avkiran."” Their findings showed that, the average
technical and scale efficiency scores were 0.95 and 0.97,
respectively. Carrington, Coelli, and Rao"”! measured pro-
ductivity growth by using DEA methods for 35 Australian
universities with annual data over the period 1996-2000.
The results suggested that universities were relatively effi-
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cient and that their efficiency was stable over the period.

By investigating the possibility of measuring the effi-
ciency of HEIs, Johnes"”" asserted that, with the ability to
treat many inputs and outputs, DEA was a striking tech-
nique for measuring the performance of HEIs. She added,
however, its disadvantages should be concerned. The
author applied DEA to a dataset of more than 100 British
HEIs using data for the academic year 2000-2001. The
findings indicated that technical efficiency and scale effi-
ciency in the British HEIs appeared to be high, on average
at 0.946. The bootstrapping measures suggested that there
was a significant difference in efficiency of the worst- and
best-efficient HEIs.

More recently, many studies have tended to analyse the
performance of HEIs in different nations at the institu-
tional and national levels. Agasisti and Pohl” used a two-
stage analysis to examine and compare the efficiencies
of 53 Italian and 69 German public universities and their
evolution for the years 2001-2007, respectively. Their
findings from the CRS DEA model indicated that the
mean efficiency score within the Italian universities was
only 0.69, whereas, for the German dataset, the average
was 0.77.

One of the first papers using DEA in research on the
efficiency of HEIs in Asian countries was that of Castano
and Cabanda.""! They estimated the efficiency and produc-
tivity growth of 59 HEIs (State Universities and Colleges,
SUCs) in the Philippines over the period 1999-2003.
Findings using the Malmquist index model revealed that
49 SUCs were efficient whereas six SUCs showed tech-
nological progress. The mean technical efficiencies using
the CRS- and VRS-DEA models and scale efficiency
were 0.95, 0.97, and 0.99, respectively. Another study by
Johnes and Yu”" used DEA to examine the relative effi-
ciency of over 100 selected universities from the People's
Republic of China using data for 2003 and 2004. Their
findings indicated that the level of efficiency depended on
the presence of a subjective measure of research output in
the model. When the reputation variable (based on experts'
opinions) was included, the mean efficiency was higher at
0.90, but when it was excluded it was approximately 0.55.

The recent work of Husain”* who investigated the
efficiencies of 20 Malaysian public universities for the
period 2006-2008 revealed that the average university
efficiency score was 0.87 using the VRS-DEA, and 0.74
using the hybrid returns-to-scale (HRS) with trade-offs
method. The author asserted that the latter increased the
discriminatory power of the DEA assessment as reflected
by the lesser number of universities identified as effi-
cient, and smaller efficiency scores. Later, using the same
dataset of 20 public universities in Malaysia, Podinovski
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and Husain"” emphasised the importance of the new

method in which the HRS DEA model is integrated with
the usage of production trade-offs in higher education.
However, their method requires the critical assumption
of selective proportionality (between student and staff
in their study). Furthermore, Duh et al.”" investigated
the operational efficiencies of 99 Taiwanese universities
using cross-sectional data for 2005. Their results showed
the average efficiencies of 0.78 and 0.48 for teaching and
research operations, respectively.

Nguyen, Thenet and Nguyen"”” applied the tradition-
al DEA method to estimate 30 Vietnamese universities'
performance, using a single dataset for the academic year
2012/13. The authors did a sensitive analysis by testing
eight various models in terms of different inputs and out-
puts. The results indicated that the scores of efficiencies of
these universities ranged from 0.81 to 0.92. However, this
study used quite a small sample size for a cross-sectional
data; thus, this would lead to lack of analysis power, caus-
ing less robust findings.

Tran and Villano™” investigate the performance of 50
universities and 50 colleges in Vietnam using the two-
stage DEA model. Their findings showed that the average
efficiency score of colleges was quite high at 0.94 and ex-
ternal factors affected the inefficiency of colleges. How-
ever, because the sample size of this paper is not large
enough, the efficiency scores might be overstated. In addi-
tion, this paper only used a cross-sectional data that could
not capture change of colleges' efficiency over time.

More recently, Tran and Villano'™' applied the ad-
vanced dynamic network DEA to estimate efficiency of
116 Vietnamese state colleges for 2011/12-2013/14. They
indicated that these colleges were not efficient in their op-
erations and that colleges were efficient only if they were
efficient at individual financial and academic divisions,
respectively, the mean efficiency being 0.74. This paper
used a panel data to capture change in efficiency of col-
leges over time but did not test the effects of environmen-
tal factors against inefficiency of colleges, therefore left
this as an open question. Our paper comes to fill this gap
by examining the performance of colleges over multiple
periods and determining determinants of inefficiency of
Vietnamese colleges.

By doing this, our research on determinants of colleges'
academic performance would bring benefits by: (a) pro-
viding insightful information about operational efficiency
of colleges varying over time; (b) identifying determinants
of colleges' inefficiency; and (c) recommending appro-
priate policies to improve colleges' performance towards
innovation.
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4. Methodology
4.1 Data Envelopment Analysis (DEA)

DEA is a linear programming approach for estimating
the performance of decision-making units, which allows
to convert multiple inputs into multiple outputs.!'”****
DEA is widely applied in different sectors, especially in
higher education where the price is not available.” Thus,
this approach is preferred to estimate the efficiencies of
tertiary education institutions. Nevertheless, the shortage
of this method is that it does not allow one to distinguish
managerial inefficiency from random noise. **

DEA is an appropriate method applied in context of
Vietnamese colleges. This is because (1) several factors
are not estimated in monetary terms such as quality of
students or qualifications of staff;"***"! (2) many policies
recently issued affect colleges in different ways and thus
make it difficult to identify clear direction of influences;
and (3) DEA can differentiate inefficient and efficient col-
leges, therefore would help erect performance targets for
inefficient DMU .

DEA was officially coined by Charnes, Cooper and
Rhodes'"” to estimate technical efficiency of a DMU. This
method uses multiple inputs and multiple outputs and as-
sumes constant return to scale (CRS) in which all DMUs
operate at an optimal scale. Nevertheless, it is widely
recognised that the optimal operating scale of DMUs can
be affected by some external factors, for example, imper-
fectly competitive status, government rules, financial chal-
lenges, etc."'” Thus, the CRS DEA method could not cap-
ture these changes. Later, Banker, Charnes and Cooper'"”
proposed an extension to this model to demonstrate the
variable returns to scale (VRS) situation for the purpose
of estimating technical efficiency without scale effects.

This model is applied to Vietnamese colleges and de-
picted as below:

For each college, X = (x,, ..., x,,) is a vector discre-
tionary inputs used. ¥ = (y,, ..., y,) is a vector of outputs
produced. Accordingly, X; = (x;, ..., x,; ) and ¥, = (v, ...,
¥y ) are inputs and outputs for college j. The production
possibility set is illustrated by

N

N N
L, = (le); inysi 2 ys'zxixmi < xm'z i = 1!7\'1' =0
v =
i=1 i=1

= = i=1
s=1..,Sm=1,.,M;i=1,..,N

(1)

where 4, are coefficients to increase or decrease the ob-

served operations of college 7 (i = 1,...,N) with respect to

inputs (x;) and outputs (y,). 0 is the efficiency scores that

can be computed by the following linear programming
problems:
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Oyrs = min{0 > 0lys < X7y Ay, 0% = Xiq Aidni, 2 Ay = L,A4; = 0,i = 1,..n} 2

where 8,5 is the prediction of an observed college (x,y)
to the efficient frontier, and give the initial technical effi-
ciency of the " college. For all (x,y) € L,,8yzs = 1, the
college is fully technical efficient if Oyrs = 1.

Sampling variation and random errors are not taken
into account in (2), thus it could cause potential biases
in the results of efficiency scores.”” This can be solved
by using the bootstrap technique proposed by Simar and
Wilson."® This technique is used in this paper to generate
more robust results for efficiency scores.

The DEA input orientation is opted to estimate the
efficiency of colleges. This choice is suitable with the
Vietnamese context where colleges operate within the
confines of regulations. This means that they could not ex-
pand their output without meeting strict regulations from
the government. Instead, they should use their available
input resources efficiently to obtain the existing registered
output.

It is generally recognized that the DEA results can be
sensitive to outliers because this method is a deterministic
frontier approach without accounting for random distur-
bances. Therefore, we first attempted to determine the out-
liers, then proceeded with conducting efficiency analysis
of colleges. The process has been conducted following
the methods of Andersen and Petersen,™ Thanassoulis, *”
Thanassoulis et al.*"! The details of this process have not
been presented here but is available in Tran and Villano."*”
As a result, nine (9) college outliers were identified and
are kept sitting on the boundary drawn on non-outlier
colleges so that they would not affect the position of the
efficiency boundary.

4.2 Determinants of Colleges' Performance

Examining the effects of environmental factors on DEA
efficiency in the second stage has received much attention
of researchers regarding econometric models used. It is
widely recognised that the ordinary least squares (OLS)
model is inappropriate because the prediction of the de-
pendent variable may exceed the range of zero and one
and its estimated coefficients do not reflect the nature of
DEA bounded scores and the presence of many points
at one in their distribution. On the other hand, the Tobit
model used for the second-stage DEA analysis is also
questionable. It is observed that observations at one is
a result obtained from the way DEA scores are defined,
not result of the Tobit censoring. Additionally, the DEA
efficiency scores of zero are not observed as well. In other
words, the domain of the two-limit is not similar to that of
the DEA scores.”")
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Using the logit factional regression model proposed by
Papke and Wooldridge"" the second-step DEA method
has been implemented recently in studies of Hoff ™ and
McDonald.”” By comparing various approaches for mod-
elling the second stage of DEA, these authors supported
the use of the simple regression analysis. However, Mc-
Donald®” acknowledged the advantages of the Papke and
Wooldridge's model to obtain more robust estimates.

The study of Simar and Wilson™ was the first to de-
scribe a coherent data-generating process (DGP) for DEA
scores. They provided a set of assumptions in which the
use of estimates (not true efficiency scores) does not affect
the consistency of the second stage regression parameters.
Simar and Wilson"™ proposed two alterative bootstrap
methods, Algorithm 1 (without taking account of the bias
term in the first stage) and Algorithm 2, accounting for the
sampling variability of DEA scores to make a valid statis-
tical inference about these parameters.

Banker and Natarajan''” later proposed a straight-line
relationship between the log of efficiency scores and the
environmental variables. They imply that using the linear
regression analysis can generate consistent parameters in
the second stage of DEA method. However, as compared
to DGP of Simar and Wilson,"" their methods is quite
constrained. Additionally, since the predicted variable is
the log, the its value needs to be re-estimated, thus it is not
actually the level of DEA scores per se.

More recently, Ramalho, Ramalho and Henriques"’
proposed several alterative regression models of efficien-
cy scores in the second stage using fractional regression
models and tests of the specification chosen for the re-
gression model using simple statistical tests. They also
suggested that two-part fractional regression models may
be beneficial when the propotion of unity values is large.
However, the method of Ramalho, Ramalho and Hen-
riques”” did not consider the sampling variability of DEA
scores as in the method of Simar and Wilson,”™ thus did
not solve the problem of inferences about the regression
parameters. In this sense, the method of Simar and Wil-
son”* appears to the only feasible way to provide valid
inference for regression parameters.

All things considered, the method of Simar and Wil-
son* seems to be most appropriate to yield a valid in-
ference for the parameters of interest in the second stage
regression model. In this study, we adopt the Simar and
Wilson"™"s model, Algorithm 2 for the second stage DEA
analysis to examine environmental impacts on efficien-
cies of colleges. The details of this process have not been
shown here but are available in Tran and Villano."”

1
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5. Data and Variables

5.1 Output and Input Variables

The paper seeks to offer the best way to quantify the out-
puts of education. The first output is the number of full-
time equivalent (FTE) students. This variable has been
utilised in previous research including Abbott and Dou-
couliagos,"* Thanassoulis, et al.,*" de Miranda, Gramani
and de Carvalho Andrade,”” and Daghbashyan."® On
the other hand, some articles have used this output as an
input to produce the graduate outputs, e.g. Agasisti and
Johnes,” Agasisti and Bianco,"”,Agasisti and Pohl."”) How-
ever, it can be seen that the outputs in higher education
are more special than in other fields because we would
train students for a long term of 3 or 4 years until they can
get their degrees. This means that input resources such
as staff, facilities and operating costs would be used to
produce the student outputs for the whole study phase of
students. Using students as inputs to produce the graduate
outputs may be only relevant in the case that students who
are studying in the final year will graduate in that year,
given that their previous learning years should be ignored.
However, to our knowledge, it would be better to see the
annual enrolments as outputs rather than inputs because
this would reflect the real nature of higher education.

The second output is the number of completed students
per annum. This is used as a proxy to estimate the qual-
ity of teaching. Previous studies such as Stevens™' and
Daghbashyan!" used the ratio of first- and second- class
degree, or employment possibilities after graduation as a
proxy for teaching quality. However, in the case of Viet-
nam, quality of teaching output has not been transparent
and hard to be evaluated in an exact way. It is noted that
the number of graduates per annum should be separated
from the number of students (enrolments) who are still
studying at that time. This would ensure that these two
kinds of outputs reflect the adequateness of the model
specification.

The final output refers to incomes obtained from re-
search-based activities (not consisting of tuition fees and
government funding). Previous research, e.g. Robst,""
Abbot and Doucouliagos,” Daghbashyan'" used research
funding as a surrogate variable for research output though
their choice did not take into account for quality and dis-
ciplinary differences. For the case of Vietnamese colleges,
because of limited data, the incomes from research-related
operations are used as a proxy for research output.

Similar to the work of Tran and Villano,™ four input
variables are used in our paper: (1) total number of aca-
demic staff (full-time equivalent, FTE) who take charge
of teaching and research activities, (2) the number of
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non-academic staff (FTE) who are involved with support-
ing activities for learning and teaching and management
at different levels; (3) floor area for academic spaces, a
basis of calculating annual enrolment quotas; and (4) op-
erating cost, annual expenditure for academic operations.

5.2 Effects of External Factors on Efficiency of
Colleges

We choose to examine the external variables that may influ-
ence the performance of colleges in the second-step DEA
method using the truncated regression analysis including age
of the college, place (in main cities or outside main cities),
the share of academic staff with postgraduate and under-
graduate degrees, tuition revenue proxied as a key financial
resource of colleges. The following hypotheses are tested in
the DEA second-step regression analysis as follows.

Place is projected to have a positive relationship with
efficiencies of colleges. Metropolitan colleges have more
plus points since they can access input resources more
easily for academic operations.

Type or ownership of colleges is predicted to be pos-
itively related with the efficiencies of colleges. Public
colleges may be more advantageous as they receive more
funding from the government.

The average national entry exam marks (NEE) are antici-
pated to influence the efficiencies of HEIs. Its effects can be
positive or negative as the higher NEE can make a decrease
in both the number of enrolments of colleges and staff.

Age or establishment of colleges is projected to has a
positive association with the efficiency scores because the
older colleges have a good reputation and their leaders
have much more experience in managing schools; there-
fore, their performance may be better.

The proportions of postgraduate and undergraduate
staff, respectively, are expected to be positively related
with colleges' performance. Note that these effects are
relative to those staff with no formal academic degrees.
These variables are tested separately to avoid the serial
correlation.

Tuition fees are forecast to have a positive and signifi-
cant relationship with the efficiency scores, especially the
years following Decree 49/2010/ND-CP of the govern-
ment issued in 2010.

5.3 Data Sources

A total of 141 colleges for 2011/12-2013/14 are used in
this study with data sources from MOET where perfor-
mance indicators of colleges have been recorded in terms
of their annual reports. These colleges complied with the
rules of MOET to send in their annual reports for all three
years. Our surveyed sample accounts for 53 % of the total
number of Vietnamese colleges. While a long span of data
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is desirable, a panel data of the three-year period in this
paper fundamentally meets requirements to capture a vari-
ation in colleges' efficiency over multiple periods.

A summary on inputs, outputs and control variables is
presented in Table 2. On average, colleges trained 2,113
students and the number of graduated students was 554.
The income for research-related activities is averagely 3.61
billion VND. The non-academic staff is less than the num-
ber of academic staff, 54 and 129 respectively. Depending
on the training size of colleges, there is a variation in
using input resources to produce outputs. In addition, the
annual enrolment quotas approved by the government are
based on the ratio of students to academic staff and the
ratio of students to floor area for academic spaces.

6. Empirical Findings
This section illustrates the estimated findings of the effi-

ciencies of colleges for the period 2011/12-2013/14 and
investigates determinants of colleges' performance.

6.1 Academic Efficiencies of Colleges

This section presents the results of colleges' efficiencies
varying over three years, using the conventional and
bootstrapped approaches. As can be seen in Table 3, the
average efficiency of the colleges in the sample is 0.697
and 0.623 for in the conventional and bootstrapped ap-
proaches, respectively. In other words, colleges need to
enhance their performance by 30.3% and 37.7% in terms

of these models. However, this result is much lower than
the result of Tran and Villano'™ at 0.939. This can be ex-
plained by a difference in the sample size and a type of
data used. While Tran and Villano” used a cross-section
data and a relatively small sample size of 50 colleges, we
have used a panel data for three years with a larger sample
size of 141 colleges that would technically produce more
robust findings. Overall, our result lies within the range
of colleges' efficiencies scores as summarised in Tran."*"
10 out of total colleges are fully efficient in the standard
model, and the remaining colleges are operating below the
frontier efficiency, thus more improvement is necessary
for their academic operations. However, no colleges are
found to be fully technically efficient in the bootstrapped
model. This result is in line with Tran and Villano."™”
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Figure 1. Frequency Distribution of Efficiencies of Colleges

Table 2. Statistics Summary on Input and Output variables

Unit Mean SD Minimum Maximum
Outputs
Undergraduates Student 2112.93 1498.62 83 7116
Completed students Student 554.37 398.84 14 1623
Research income Billion VND 3.61 7.7 0.001 55
Inputs
Floor area * 1000 m’ 13.29 0.81 0.12 4.22
Non-academic staff Person 54.31 20.78 25 160
Academic staff Person 129.28 67.11 32 438
Operating costs Billion VND 18.38 12.85 0.9 67.76
External factors °
Age Year 12.09 6.52 4 39
NEE Mark 11.47 2.08 10 21.75
Ratio of Postgraduate staff Percentage 0.428 0.143 0.063 0.779
Ratio of Undergraduate staff Percentage 0.572 0.143 0.221 0.937
Tuition revenue Billion VND 8.39 9.31 0.038 70.22

Notes: * Floor area for academic spaces (classroom, library, etc...);
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® Excluding location and type that are dummy variables.
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Table 3. Efficiencies of Colleges over Three Years

Standard VRS Efficiency Bootstrapped VRS Efficiency
2011 2012 2013 Overall 2011 2012 2013 Overall
Mean 0.717 0.680 0.694 0.697 0.639 0.610 0.619 0.623
SD 0.197 0.199 0.184 0.175 0.163 0.167 0.146 0.143
Min 0.295 0.305 0.337 0.325 0.258 0.277 0.308 0.297
Max 1 1 1 1 0.925 0916 0917 0.891
Eff.units 2 24 17 18 10 0 0 0 0
Hotelling test ° (F value) 10517

Notes: # The number of colleges with efficiency scores of 1; * denotes significance at 1%; ® Hotelling test for equal means standard

and bootstrapped DEA scores.

Figure 1 illustrates the histogram of efficiencies of
colleges over three years. The frequency of efficiencies
of colleges in the standard DEA model is quite dense and
focuses on the value of one, whereas that in the bootstrap
model is sparse and less than one. This implies that after
isolating noises, the efficiencies of colleges decrease and
reflect nearly the nature of their performance.

It is observed from Table 4 that public colleges are less
efficient than private colleges. The average score of public
colleges is 0.614 whereas that of private ones is 0.692 in
the bootstrapped model. This distinction is significant at
the 1% significance level. This finding is accordant with
Tran and Villano." It may reflect the fact that investment
capitals in private colleges have been used in a more ef-
ficiency way for academic activities. Interestingly, the
finding in Tran and Villano’ showed that the efficiency
of public college is 0.74, being slightly higher than our
finding.

Figure 2 illustrates a moving trend to the right near
one with the higher efficiencies for private colleges each
year and over years after implementing a bootstrap pro-
cedure. By contrast, the efficiencies of public colleges
have a downward trend to the right with the lower effi-
ciencies.
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Figure 2. Histogram of Efficiencies of Public and Private
Colleges

6.2 Determinants of Colleges' Inefficiencies

The influences of environmental factors on the perfor-
mance of colleges are investigated in the second-step
DEA approach. It is noted that since the Shephard scores
obtained the first step are greater than one indicating the
inefficiency level of colleges. The sign of coefficients in
the second-step regression should be interpreted inversely
on efficiencies of colleges, meaning that positive signs
affect negatively the performance of colleges and vice
versa. We tested two models, Model 1 and Model 2, for

Table 4. Efficiencies of Colleges Classified by Ownership

Standard VRS Efficiency Bootstrapped VRS Efficiency
2011 2012 2013 Overall 2011 2012 2013 Overall
Public 0.705 0.670 0.680 0.685 0.633 0.602 0.607 0.614
Private 0.810 0.764 0.803 0.792 0.690 0.677 0.710 0.692
Wilcoxon rank-sum test * 3717 3.328"

Notes: * The Wilcoxon rank-sum test for equal means between scores of public and private HEIs.
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individual cases of colleges. The main difference between
these models is independent variables of the proportions
of academic staff with postgraduate and undergraduate
degrees. These two variables are examined independently
to avoid the serial correlation phenomenon in regression
models. The results of these two models are presented in
Table 5.

In both models, most variables are significantly dif-
ferent from zero at 1% level of significance. Place with a
positive sign implies that metropolitan colleges are more
efficient than their rural counterparts because the former
can be more beneficial in accessing input resources and,
thus, probably have more enrolments. This result is asso-
ciated with the findings of Carrington et al.!"”! and Tran
and Villano."” It is interesting that NEE is positively
correlated to the efficiencies of colleges. This could be
explained that the higher the NEE, new enrolments can be
declined to some extent, thus colleges may use fewer of
their input resources relative to their outputs, e.g. academ-
ic staff. As a result, their efficiencies can be improved.
Unexpectedly, both age and tuition fees are not correlated
to the efficiencies of colleges. It can be observed that in
the years following Decree 49/2010/ND-CP, revenues on
tuition fees of colleges have not been a key enhancer to
enhance the efficiencies of colleges.

The findings in Table 5 show that the ratio of under-
graduate staff is positively related to the efficiencies of
colleges, whereas that of postgraduate staff has a negative
coefficient. Albeit these influences are not significant,
they imply the fact that academic staff with a bachelor

degree seem to be enough for colleges. This is because at
the college level, the importance of teaching activities has
been emphasised rather than that of research activities. In
addition, a higher proportion of postgraduate staff (Master
or PhD degree) would increase expenditure for colleges.
Thus, academic staff with undergraduate degree still occu-
pies a vital role in colleges.

7. Discussion and Conclusion

Our paper made efforts to conduct a performance mea-
surement of Vietnamese colleges with panel data for 141
colleges during the period of 2011/12-2013/14. The sec-
ond stage bootstrapping DEA approach is suggested to
investigate the performance of colleges and the influence
of external factors on their performance. The empirical
results are anticipated to provide more information for
policy makers and educational managers to design more
appropriate policies to move performance of colleges for-
ward.

Using the second stage bootstrapping DEA model,
the findings indicate that the efficiency of colleges in the
surveyed sample are not high as expected, at 0.697 and
0.623 for the conventional and bootstrapped models. The
potential improvement is necessary for colleges to obtain
the full efficiency of unity by using input resources more
appropriately. Unexpectedly, public colleges are less ef-
ficient than their private counterparts, 0.614 and 0.692,
respectively. The location and NEE are external factors af-
fecting positively the efficiencies of colleges. By contrast,
revenue from tuition fees and the ratio of postgraduate

Table 5. Influences of environmental factors on the performance of colleges

Model 1 (with the ratio of postgraduate staft) Model 2 (with the ratio of undergraduate staft)
Coefficient | Bootstrap std.error z P>z Coefficient | Bootstrap std.error Z P>z
Location -0.403%** 0.133 -3.040 | 0.002 -0.408%** 0.13 -3.12 | 0.002
Type 0.520%** 0.192 2710 | 0.007 0.52%** 0.19 2.67 0.008
NEE -0.061%* 0.025 -2.380 | 0.017 -0.061** 0.025 -2.44 | 0.015
Age 0.0066 0.0116 0.570 | 0.571 0.0066 0.0115 0.57 0.566
Ratio Poststaff 0.614 0.384 1.600 | 0.110
Ratio Understaff -0.614 0.387 -1.59 | 0.113
Tuition 0.023 0.015 1.560 | 0.120 0.023 0.015 1.52 0.129
Age*Tuition -0.0015 0.0011 -1.360 | 0.174 -0.0015 0.0011 -1.37 | 0.169
Constant 1.343%** 0.340 3.950 | 0.000 1.96%** 0.43 4.53 0
¢’ 0.697*** 0.053 0.697*** 0.0527
Wald y’ 24.16 25.18
p value >’ 0.001 0.0007

Note: **, *** denotes significance at the 5% and 1% levels; 2000 replications for bootstrapping
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staff were not significantly associated with the efficiencies
of colleges.

The above findings lead us to some managerially prac-
tical implications. In the first place, given their education-
al quality, the surveyed colleges were operating below the
frontier efficiency. The efficiencies of colleges witnessed
a volatility over the three years involved. In fact, from
2011, MOET suggested universities and colleges reduce
the enrolment quotas in the business discipline. This is
since the number of unemployed graduates of this dis-
cipline were high and led to an imbalance in the labour
market. Consequently, the enrolment quotas for these
study fields have gone down in the following years. This
has led to influence financial resources of colleges via tu-
ition fees, especially public colleges in those years, even
though public colleges are allowed to increase the level of
fees greater than that of previous years. The decreased en-
rolments and financial resources might cause a decrease in
the efficiencies of colleges. However, drawing a conclu-
sion of whether this decline comes from the result of pol-
icy intervention is out of this paper due to the complexity
of identifying deterministic and causal associations in this
context.

Second, albeit the shares of postgraduate and under-
graduate staff did not illustrate their significant impacts
on the efficiencies of colleges, increasing the share of
postgraduate academic staff, especially PhD qualification
should be concerned to enhance academic operations of
colleges. This would help colleges accelerate innovation
in learning and teaching, thus enhance education quality.
Accordingly, support from the government is necessary to
provide them, especially to public colleges, with enough
flexibility in managerial mechanism of physical and hu-
man capital resources to facilitate the process of innova-
tion in teaching and learning.

Finally, interestingly, tuition revenues did not con-
tribute to the efficiencies of colleges. Although the gov-
ernment policy has facilitated colleges to increase their
revenue via increasing tuition fees within a given frame-
work of 2010/11-2014/15, the growth in their revenues
was quite marginal and not enough to contribute to their
performance. In this sense, a further examination of this
policy may be useful to help policy makers have a better
policy in the future.

This paper has bridged the gap in the literature by in-
vestigating changes in the performance of colleges over
time and examining determinants of colleges' inefficiency
for the period of 2011/12-2013/14. Some following as-
pects might be implemented to make our findings more
comprehensive. First, our sample is 53 % of total numbers
of colleges in Vietnam for a three-year period, thus more
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observations with more periods of data would be neces-
sary to provide more insights of volatility in productivity
of colleges over longer period. Together with this, more
inputs and outputs can be added in further studies, for
instance, publications of academic staff. In addition, the
quality of graduates, such as their study record or evalua-
tion of employers, should be also taken into account. Fur-
ther, qualifications of academic staff should be measured
by actual numbers and weighted by different levels. Final-
ly, in the Vietnamese context, environmental factors could
impact directly on input usages and thus cause a decrease
in the efficiencies of colleges. Future studies should ac-
count for this point to supplement our findings.
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This paper presents the holonic theory, which is an attempt to develop in a single model the
explanation of the evolution in the physic, biologic and cultural dimensions. The purpose of
this development is to understand the traits of nowadays common holism, which is considered
a necessary thinking practice in different domains, among them education. A phenomenolog-
ical study has been developed connecting diverse noospheric holons. The results allow for a
characterization of the holonic structure of a holistic consciousness act. This characterization is
used to define holistic education: An education with the dimensions of preservation, profundi-
ty, projective action and span. This article can also be interpreted as a contribution to provide
the ontological and epistemological bases for going beyond the modern and postmodern worl-
dviews. These findings help in providing a framework for today's holistic pedagogical debates

and developments.

1. Introduction

n the most part of professions that involve human
relationships and, more generally, in contemporary
intellectual perspectives there is a common need: to
think comprehensively, globally, holistically. Effective-
ly, today's problems rarely can be approached only from
only one specialty, and integrated or integral approaches
are needed in order to grasp the complexity of issues and
phenomena. Education is in the midst of this contempo-
rary trend. Nevertheless to create holistic or integral kinds
of thinking there is a previous need to be addressed and
focused on, which is to have a well-defined ontological
model, able to accommodate integrated and holistic -in-
stead of fragmented- perspectives. Therefore a first ques-
tion to be discussed is: Is there an ontological system as
inclusive as possible of multiple perspectives?
On the other hand, there is another important need in
intellectual and practical endeavors that can be formulat-

*Corresponding Author:
Josep Gallifa,

ed, in a simple way, as recovering the 'subject', by present-
ing a suitable model of consciousness. The bias towards
the 'objective' knowledge let the legacy of premodern
traditions aside. Recovering the 'subject' in the context of
the nowadays modern and postmodern worldviews is thus
another related important need. Wilber'” presented an in-
tegral theory to integrate these worldviews and traditions
in a single model. Particularly meaningful is the contri-
bution of Wilber presenting a model for the evolution of
the subject, in the form of a spectrum of consciousness,
in which he described the levels of evolution of the sub-
jective consciousness. The model of Wilber was used to
substantiate in turn different approaches: Beck and Cowan
in the value-memes of a culture ) Esbjorn-Hargens or
Murray in 1ntegral education,”’ Laloux in the evolution of
organizations,”! Thomas in integral leadership,”’ among
many others. All of these approaches are founded on sub-
jective acts of holistic consciousness. Another question,
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therefore, open to be answered and important is: Is there
any pattern for modeling and understanding holistic con-
sciousness?

In education, these tendencies helped to develop what
has been known as holistic education. Holistic education
is another way to refer the Early 20th. Century movement
of "progressive education", carried out by Montessori,
Steiner or Dewey, among many others. Their pedagogies
emphasized imagination, aesthetics, organic thinking,
practical engagement, creativity, and spirituality.!”’ In the
70s diverse approaches emerged being "critical of the for-
mal, modernist 'factory-model' of mass education. Most
sought to broaden education beyond the simple informa-
tion-processing model based on a mechanistic view of the
human being to a more holistic, creative, multifaceted,
embodied and participatory approach".” These perspec-
tives were out of the dominant worldview of mainstream
education. At the beginning of the 21st. Century appeared
many pedagogical approaches related to the evolution of
consciousness. Among them: aesthetic and artistic edu-
cation, complexity in education, imaginative education,
integral education, postmodern and poststructuralist ped-
agogies, social and emotional education, or spirituality in
education.””’ These approaches, pedagogically well found-
ed and structured, usually referred to the methods used as
holistic pedagogies.

In a strict sense, holistic education designates some
perspectives developed following a single pedagogue.
It's the case, for instance, of Steiner's model of education,
which "provides an integrated, holistic balance of intellec-
tual/cognitive, artistic/imaginative and practical/life skills
education".” This approach includes Steiner's notion of
imaginative teaching using diverse methods: drama, ex-
ploration, storytelling, routine, arts, discussion, and empa-
thy."” Another example, using similar methodologies, is
Krishnamurti's holistic education, which "reminds us that
we should not be dogmatic or doctrinaire in our educa-
tion"."""! Some author-dependent holistic education devel-
opments become in time —unfortunately- "too narrow and
rigid""” in their approaches.

In a more general sense, holistic education can desig-
nate any pedagogy that incorporates principles of spiritu-
ality, wholeness, and interconnectedness along with prin-
ciples of freedom, autonomy, and democracy.!"” Doing so
holistic education perspectives highlight eight broad prin-
ciples: spirituality, reverence to life/nature, interconnect-
edness, human wholeness, individual uniqueness, caring
relations, freedom/autonomy, and democracy.""

"Holistic education is a radically non-reductionistic

approach based upon a person-centered, ecological,

global and spiritual worldview. As such, the holistic
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paradigm is an alternative not only to the scientistic

reductionism of the modern age but also to the intel-

lectual reductionism of postmodern thought. Holistic
education is a humanistic as well as a spiritual critique
of the dominant culture".!"”

Holistic education encompasses a wide range of peda-
gogies and philosophical or spiritual orientations. Holistic
pedagogies try to include any significant aspect of the
human experience, "the different aspects of the individual
(intellectual, physical, spiritual, emotional, social and aes-
thetic), as well as the relationships between the individual
and other people, the individual and natural environment,
the inner- self of students and external world, emotion
and reason, different discipline of knowledge and different
form of knowing, holistic education is concerned with life
experience, not with narrowly defined "basic skills"."""!
Nevertheless, in holistic perspectives, sometimes there is
an implicit -or sometimes explicit- worldview or meta-
physical approach. A defining feature of holistic pedagog-
ical perspectives is the relationship between education
and consciousness evolution. This relationship has been
promoted "pointing to the emergence of more complex,
dialectical, imaginative, self-reflective and spiritual ways
of thinking, living and loving"."” Nevertheless, there isn't
a unified systematic characterization of holistic conscious-
ness, neither a characterization with minimal metaphysical
references. This is the aim of this work: to find a general
model for holistic consciousness to relate it to holistic ed-
ucation and pedagogies.

These aforementioned developments have relevance
in today's general pedagogical debates, in a diversity of
ways. For example, in the curricular field, there is a need
to promote complex curricula, as opposed to the mod-
ernist oriented curriculum."® This means that nowadays
there are new -or not so new- expected curricular stan-
dards: constructivist views of learning, social inclusion,
and respect for diversity, a view of the process as being
as important than product, lifelong learning outcome, the
significance of metacognition and motivation in learning,
or promoting multiple intelligences.""” "Curriculum the-
ory and practice are faced by new uncertainties, and such
uncertainties require new approaches to practice and new
ways of thinking".”” One trend is framing of the new cur-
ricula around capacities or core/key competencies. Thus,
for example, Scotland specifies that the curriculum should
enable young people to become:"'! successful learners,
confident individuals, responsible citizens, and effective
contributors. Students are expected to play a diversity of
roles in different dimensions of human evolution. And it
means that there is a need for comprehensive curricular
agendas. Another related pedagogical need is 'holding the
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complexity', for example, using integrative and holistic
approaches within the tradition of the critical-constructive
Didaktik.”'Yates defined 'pedagogy as the way we bring
together broad intentions about what is to be learned or
developed with particular kinds of learners in particular his-
torical, national and institutional settings'.”” The issues that
have made this hard to deal with, in present times, are:"*")

1. The problem of reconciling recognition and distri-

bution in relation to our greater sensitivity to diversity

and embodied learners.

2. The problem of reconciling concepts of education

based on comparative measurement and standards that

look backward, with concepts of new times and a de-
sire for young people to enter the changing world with

a new kind of preparation and persona.

3. The continued divergence of cognitive and culturalist

approaches to pedagogy and knowledge and identity.

To approach pedagogically these tensions, as well
as other common contemporary pedagogical debates, it
would be useful to have more well-defined models for ho-
listic education.

The aim of this paper, to respond these contemporary
needs, is: to present a theoretical framework for an ontol-
ogy inclusive of the different levels of reality; to study,
following a phenomenological path, a general model for
holistic acts of consciousness, independent of metaphysi-
cal frameworks; to apply this model to education in order
to characterize holistic education, and thus, to project
these findings to develop holistic pedagogies.

2. Holonic Theory

Holonic theory can be the framework for an inclusive on-
tology. The holonic theory, based in the concept of holon
that Koestler™ coined, presents a model to integrate into
a comprehensive model the evolution in the physiosphere,
biosphere, and noosphere, terms that Teilhard de Char-
din”” developed in his understanding of evolution. The
holonic model is useful to represent holistic conscious-
ness acts, in particular, the full evolutionary spectrum of
consciousness.”” Some authors contributed to the devel-
opment of the holonic theory. Among others, we can men-
tion Goddard,”® Smith,”” Edwards,”” Helfrich,”'" and
Anderson.”

Minimal reference to Metaphysics

Wilber proposed a minimal Metaphysics at the mo-
ment of integrating the evolution from the physiosphere,
towards the biosphere and finally towards the human noo-
sphere,”” in a similar way as Teilhard de Chardin did.”* If
this evolution is pushed by the Eros/will, there is another
aspect, which is the result of the 'involution', that is to go
back in the evolution, before the 'starting point'. This leads

38 Distributed under creative commons license 4.0

to the only metaphysical assumption that Wilber contem-
plates: the 'Agape' or genuine 'Love' in the beginning.
Except for this presuppose, research, said Wilber, should
be influenced as little as possible by metaphysical ele-
ments.”” "With involution and evolution the basic idea is
that Spirit as causal Consciousness 'steps down' or 'throws
itself out' into soul, then mind, then body, and finally
matter causing a Big Bang of primordial physios, which
contains varying degrees of proto-interiority that sets the
stage for matter to begin its journey back to Spirit through
the evolutionary process (e.g., physiospheres, then bio-
spheres, then noospheres, then...). Thus, the notion of
involutionary and evolutionary 'currents', 'fields', or telos
helps explain the plausibility that Spirit is hardwired into
all physiospheres 'before the beginning', at the beginning
(Big Bang), and thereafter providing a 'push and pull' or
innate directionality and intention to the Kosmos".”" Wil-
ber in this regard stated:
"Now you are perfectly free to believe in evolution and
reject the notion of involution. I find that an incoherent
position; nonetheless, you can still embrace every-
thing... about the evolution of culture and conscious-
ness, and refuse or remain agnostic about involution.
But the notion of a prior involutionary force does much
to help with the otherwise impenetrable puzzles of
Darwinian evolution, which has tried, ever-so-unsuc-
cessfully, to explain why dirt would get right up and

eventually start writing poetry"."”

A Definition of Holon

After presenting briefly the involution-evolution ra-
tionale, Wilber introduced the concept of holon that
previously Koestler formulated:"® A holon is a unit of
consciousness that is at the same time part and whole.
For example, an atom, a grain of sand, an animal, a sym-
bol, are examples of holons. Holons can be considered
themselves by definition as a whole and at the same time
as part of another wider reality. Holons help to explain
the hierarchical and heterarchical relationships within the
evolutionary spectrum of consciousness.”” Holons are the
result of the interactions between any kind of potential re-
alities with human consciousness.

Holons are organized and can be organizing agents. On
the one hand "hierarchies unfold in irreversible, increasing
depths of transcending yet include relationships, for in-
stance: seedlings to saplings to trees. Heterarchies, on the
other hand, consist of similar holons with spans of equiv-
alence, for example, groups of atoms, amphibians, or pri-
mates".*” Therefore the holon eventually would provide
conceptual means to integrate crucial relationships during
long periods of evolutionary time (evolution) with rela-
tionships more localized in a human life (development).

DOI: https://doi.org/10.30564/jiep.v1il.415



Journal of International Education and Practice | Volume 01 | Issue 01 | 2018

Wilber refined Koestler's concepts of 'vertical' transforma-
tion and depth within 'horizontal' translation and span, two
complementary aspects of development. Taken together,
hierarchy (depths of inequivalence) and heterarchy (spans
of equivalence) form what Koestler named a holarchy'.*"
Consequently, there are holons (whole/part) that can be:
physical (ex: atoms), biological (ex: cells), psychological
(ex: minds), psychic (ex: souls) and spiritual (ex. causal
holons), and can be traced up and down in the holarchy.

Applying the definition of holon, "reality is not com-
posed of things or processes, it is not composed of atoms
or quarks. It is not composed of 'wholes', nor does it have
any 'parts'. Rather, it is composed of whole/part or holon
units"."”! "There is nothing that isn't a holon (upwardly
and downwardly, forever".'! With this definition, Wilber
goes beyond atomism (reductionism, no interiors) and
simple holism (extreme heterarchy). This moves him
away from reductionism or incomplete synthesis. It must
be taken into account that holons in this way defined com-
prise any simple or complex unit of consciousness.

A holon is, therefore, a fundamental structural element
common to all reality. Its definition as a whole or as a part
will depend on the context. It is always complete and in-
complete so, trying to maintain its identity or express its
potential, it flows and extends into becoming. It could be
said that a holon is a construct, but also it is a self-evident
revelation, resulting from a natural phenomenology. "Its
symmetry provides structure and stability and its lack of
definition provides asymmetries and movement. It is the
'root' event and the structural basis of the forms and of all
the other events".""

Value of the Holons

Holonic theory served Wilber to propose a post-Meta-
physics to understand the reality as a manifestation of the
non-dual Spirit. The Spirit, whether non-dual or dual, as a
basis and as an objective of the evolution, permeates both
vertical holarchies and horizontal heterarchies. In this
sense Wilber asserted that all holons have some kind of
value:™®!

- Basic value: All holons are manifestations of the Spir-
it. This value is radically equal for all holons.

- Intrinsic value: The value that a holon has in itself as
a whole (agent, depth in whole/part relationships).

- Extrinsic value: The value that the holon has as a part
(communion, span in whole/part relationships).

"The higher the holon's vertical development within
the Kosmos (e.g., physiosphere, biosphere, noosphere)
the more intrinsic value and depth it has. On the oth-
er hand, the lower the holon's vertical development
the more extrinsic value and greater span it has. There-
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fore, humans have more intrinsic value than animals, fish,
prokaryotes, rocks, molecules, and quantum fields respec-
tively, and vice versa for extrinsic value"." Nevertheless,
these values are finally noospherical constructions or hu-

: . 47
man consciousness COIlStI'uCthIlS.[ !

Principles and Proprieties of the Holons.

Holons explain the 'relatively stable habits of evolution',
rather than 'laws of evolution'; thus Wilber speaks of 'pat-
terns of existence', results of the process of involution',
'tendencies of evolution', 'laws of form', 'propensities of
manifestation'.*" They have in common: "Eros: Each
holon is Spirit-in-Itself playing at being 'other', because
it is, by involution, another and has a tendency to evolve
towards the Spirit; Agape: The Spirit reaches out to all
holons attracting other holons; Morphogenetic gradient or
field of potentials: result of involution with contents and
concrete forms but with evolutionary potential; and also
certain fixed patterns or prototypical forms".*”)

Holons manifest in 20 tenets. These are:"™”
1. Reality as a whole is not composed of things or pro-
cesses but of holons (part/whole). {1}
2. Holons display four fundamental capacities: self-pres-
ervation, self-adaptation, self-transcendence. self-dissolu-
tion. {2}
3. Holons emerge, because transcendence, freedom, and
creativity are consubstantial in them. {3}
4. Holons emerge holarchically (as whole/part). {4}
5. Each emerging holon transcends and includes its prede-
cessor(s). {5}
6. The lower or less inclusive holon sets the possibilities
of the superior or more inclusive. The higher or more
inclusive holon sets the probabilities of the lower or less
inclusive. {6}
7. The number of levels, which a hierarchy comprises,
determines whether it is shallow or deep (vertical dimen-
sion); {7} and the number of holons on any given level
we shall call its span (horizontal dimension). {8}
8. Each successive level of evolution produces greater
depth and less span. Addition I: The greater the depth of a
holon, the greater its degree of consciousness. {9}
9. Destroy any type of holon and you will destroy all the
holons above it and none of the holons below it.{10}
10. Holarchies coevolve. {11}
11. The micro (individual holons) is in relational exchange
with the macro (social/ environmental holons) and all lev-
els of its depth. {12}
12. Evolution has directionality, {13} increasing
complexi-ty,{14} increasing differentiation/integration,
{15} increasing organization/structure, {16} increasing
relative autonomy. {17} Increasing 'telos'.{18}
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13. Addition II: Every holon issues an IOU to the Cosmos
(IOU = Incomplete Or Uncertain). In other words, it is in
tension and constant search. {19}

14. Addition III: All IOUs to the Cosmos are redeemed in
Emptiness. Holons are conventional truths. The Empti-
ness/Spirit is the ultimate truth. {20}

These principles describe the nature of the holons and
their behavior in the framework of the process of 'involu-
tion-evolution'. A central aspect is the inclusion of "telos",
directionality, purpose, which Wilber takes from Withe-
head, as well as he did with the involution-evolution mod-
el. In the words of Wilber:

"Whitehead had the notion that reality appears moment

by moment as a subject of experience, and even the

smallest material objects, such as molecules or atoms,
have a small level of consciousness; a little proto-feel-
ing that he called "apprehension." In this way, this
present moment is a subject of experience that appre-
hends the previous moments as an object, feeling the
experience as it appears from moment to moment. So
the previous moment, which was a subject before, now
becomes the 'object' of the subject. And that is causali-
ty because the past is having an impact on the present,
determining it. If this were the only thing that could
happen (the subject that apprehends the previous object
over and over again), the Universe would be determin-
istic, mechanistic and causal. But according to White-
head every moment, besides having 'apprehension’, has

'creativity', which means that there is a bit of originality

or novelty".®"

This evolutionary 'creativity' or 'novelty' can be ex-
plained in more detail: In every moment there is a bit
of novelty. It is an optimization of the Universe. Every
holon, even those of inner matter, has a slight degree of
consciousness, and a small degree of creativity. Each
moment transcends and includes the previous moment,
adding novelty, since it goes beyond the previous. That's
what is happening even at the lowest levels. Then there
will never be a strict causality since there are causality
and creativity

Self-transcendence explains the emergence of new
holons or evolution. Therefore, "in the model, freedom
and self-determination are foundational (Prigogine). The
determinism arises when there is no self-transcendence or
when is limited by a higher holon. When creativity is min-
imal, reconstructive sciences collapse in predictive scienc-
es; this is the source of all reductionism"."””
that when transcendence is near zero the realist ontology
and the predictive logical-empirical sciences are particular
cases of the general model. But the general model encom-
passes other possible ontologies and epistemologies.

! This means
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Thus evolution has directionality "exists in terms of
increasing differentiation, variety, complexity, and orga-
nization in the physiosphere, biosphere, and noosphere.
Regressions, dissolutions, or stoppages occur, but other
indicators of directionality include creative emergence
(novelty), symmetry breaks (Prigogine), self-transcen-
dence, increased depth, and greater awareness".” Thus,
there is greater complexity, greater differentiation/inte-
gration, increasing in organization/structure, increasing
in relative autonomy in the midst of social/environmental
fluctuations, the realization of 'telos'.

This last aspect of 'telos' assumes that each holon also
acts as an attractor, an 'omega point', for the actualization
of itself or other holons in space and time. 'Pulls' the up-
dating or development of the holon in one direction, be it
physical, biological or mental system.”* Broader and wid-
er contexts "pull’, in the form of 'telos', more limited pres-
ent contexts. However, in the biosphere, living holons also
do other things such as sexual reproduction, metabolic
communication, autopoietic self-preservation, etc. The ho-
lons with mind of the noosphere do things that biospheres
cannot do, such as verbal communication, conceptual
self-expression, artistic effort, etc. Thus the general laws
are completed with these new realities.”™

Detailed Dimensions of Holons

Wilber synthesized what holons of any kind have in com-
mon. Every holon has four characterizing dimensions:""
Agency. A tendency to be a whole. Aristotelian entelechy,
morphic unit/field (Sheldrake), canon (Koestler), self-as-
serting, relative autonomy and wholeness, yang. It man-
ifests the tendency towards self-preservation, autonomy,
self-responsibility, self-esteem. It assumes in this sense
fixed forms or patterns, among which there are the 20 te-
nets. Wilber named this dimension deep structure. In patho-
logical forms, it manifests as alienation and repression.
Communion. A tendency to the relationship, participa-
tory, bonding, joining tendencies, expresses its partner-
ship, the ability to be part of a whole, attract other parties,
relationship with something larger, self-adaptation, yin.
Pathological forms: fusion and indisociation.
Self-transcendence. Self-transformation, creative nov-
elty, creativity.””! Each holon becomes a new whole/part
that has its own new forms of agency and communion.
It is about the impulse to experience freedom, to find co-
hesion and unity through a greater, deeper and broader
totality. Articulated by 'symmetry breaks' (Prigogine) not
equivalent rearrangements of the same stuff. Evolution
is the result of self-transcendence at all levels: It is also
called as 'Eros', that is, Spirit manifested in something
else: matter, body, mind, soul, etc. In this dimension, the
'telos' or purpose is manifested. If self-transcendence is
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not achieved, 'phobos' (fear, regression, panic, contraction,
and repression) is experienced.

Self-dissolution/Self-immanence. Self-dissolution of
transcendence that can be termed as self-immanence. A
morphogenetic gradient in the manifest field. This means
not only a manifest reality with some kind of support in
the manifested reality but also potential to evolve. Preser-
vation of the current level or regression to previous levels.
Wilber conceptualizes it as an instinct of death or Thana-
tos, a force opposed to Eros.

The four properties can be represented in axes, as Wil-
ber proposed: "Taken together, these four capacities can
be imagined as a cross: Two horizontal opposites: agency
and communion, and two vertical opposites: self-transcen-
dence and self-immanence".” We proposed, in previous
work, a particular location for these dimensions in the
space.”” The simple representation of a holon is, there-
fore:

Transcendence

Communion Agency

Immanence

Figure 1. Immanence-Transcendence-Agency-Commu-
nion

Neurobiological Correlates

An example of holon can be a neuron, basic unit of the
human brain: It is a cell and, as such, requires nutrients
and oxygen to be alive and active, there is a somatic me-
tabolism (preservation); it has a structure-nucleus, axon,
etc., that is optimized by making connections and also by
new connections that allow electrical or chemical synaps-
es (agency); it is related to other neurons or groups of neu-
rons - through connections in the dendrites - with which it
forms patterns or neural networks (communion); it is open
and sensitive to novelty in its environment (changes in
neurotransmitters at synapses, new connections, new pat-
terns) and activates/changes DNA to adapt to its environ-
ment and regulate its behavior over time (transcendence).
The holonic scheme could be applied equally to more
wide neuronal patterns or to the brain as a whole.
Introducing holons we do not necessarily assume any
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kind of unnoticed dualism because of the relationship that
exists between mind and brain. Damasio'®” clarified the
mind-brain relationship, understanding the relationship
between neuronal patterns and mental images (equivalent
to holons):

"When I say that images depend and arise from neuro-
nal patterns or neural maps, instead of saying that they
are neural patterns or maps, it is not that I slide towards
an inadvertent dualism, that is, a neuronal pattern on
the one hand and a 'cogitum' immaterial by another.
Quite simply, what I am saying is that we can not yet
characterize all the biological phenomena that occur
between: a) our current description of a neuronal pat-
tern at various neuronal levels, and b) our experience
of the image originated within the activity of the neu-
ronal map. There is a gap between our knowledge of
neuronal events in the molecular, cellular and systems
fields, on the one hand, and the mental image whose
appearance mechanisms we wish to understand. There
is a vacuum that must be filled with physical phenom-
ena not yet identified, but presumably identifiable. The
size of that gap and the degree to which it can be more
or less saved in the future is, of course, an object of de-
bate"."*"!

In other words, by introducing mental images Damasio
doesn't separate his research from the neuropsychological
paradigm but discarded the position of the "naive realism"
by identifying, without further ado, neuronal patterns
(physical, brain) and mental images (mind, for example,
holons). Brain and mind are very closely related but they
are not exactly the same.

3. Method: Phenomenological Psychology

To approach the proposed aims we used a phenomenolog-
ical approach. Giorgi,™” studying the whole person and
not only fragmented psychological processes, developed
a "phenomenological method for researching humans in
a psychological way based upon the work of Husserl and
Merleau-Ponty".'”! He explained that "psychologically
phenomenologists are interested in specifically human
consciousness, and because of that limited interest, the
phenomenological method needs to be pre-transcenden-
tal",*” which means that psychology is interested in how
a human consciousness relates to a specifically human
world."”” Holons are the privileged location where this
relationship takes place. Van den Berg emphasized that
"insights into experience as lived, or the phenomenal lev-
el, is what is critical for psychologists to understand"."*”
This is the level that corresponds to the modalities of con-
sciousness and education, which we are interested in. So
the phenomenological-psychological method is appropri-
ate to our aims. Therefore our characterization followed
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the phenomenological method. To accomplish "the criteria
necessary in order for a qualitative scientific method to
qualify itself as phenomenological in a descriptive Hus-
serlian sense, one would have to employ (1) description
(2) within the attitude of the phenomenological reduction,
and (3) seek the most invariant meanings for a context".”
These attitudes have been applied in our study.

4. Results

A Model for Holistic Acts of Consciousness

The holonic theory purpose is to provide a unified theory
of the evolution, inclusive of the evolution of conscious-
ness. Wilber took care especially about the basics, giving
a coherent explanation of the evolution of the physio-
sphere and biosphere, but giving no special details about
the noosphere. To accomplish our purpose, which is to
find a model for holistic acts of consciousness, we'll study
phenomenologically diverse noospheric holons, covering
diverse levels. The selected holons are either different
dimensions of a whole, or complete systems to explain
consciousness, in both cases represented in their holonic
structure. This table covers a wide range of dimensions of
human faculties. After studying carefully each one of the
holonic four dimensions we'll give a name to each one. A
general holon will rise above the included holons.

After considering and studying the diverse dimensions,
the last row has been defined with names that characterize
in each case the whole corresponding column. A general
and inclusive holon emerge in this last row. Because it's a
holon inclusive of the diverse noospheric holons and more
elevated can be a representation of a holistic act of con-
sciousness. The dimensions of this emergent holon include:

Table 1 Noospheric Human Holons

Preservation. It's the dimension of immanence (I). It's
the preservation of what has value, frequently it comes
from the past. It can have positive aspects, for example in
resilience.

Profundity. It's the dimension of transcendence (T). More
profundity means more consciousness (tenet number
{9}). Without that dimension, there wouldn't be an
advance to-wards holistic consciousness.

Projective action. It's the dimension of agency (A).
The internal structure and order can be projected outside.
Acting is a way of exercising free will. Although limited,
there is room for human freedom. Action can be interior-
ized in a thinking process.

Span. It's the dimension of communion (C). This means
participatory bonds and mutual understanding through
shared meanings and implicit values.

In a holistic act of consciousness, these dimensions
have to be, in some way, present. Note for example that in
a case that there had been span but not profundity, there
wouldn't have been the implication of a fundamental di-
mension for the advancement of consciousness. The con-
sideration of this case as an act of holistic consciousness
would be problematical. And the same can be said with
the other dimensions.

A Model for Holistic Education

Once we have a model to include holistic acts of con-
sciousness we can apply this holistic form of conscious-
ness to education. Doing so we'll develop a model to char-
acterize holistic education. Therefore, holistic education,
following the development made, needs the contribution
of four rationales:

Preservation (I). There are valuable things that must

[68]

Human holons: Immanence Agency Communion Transcendence
Organism.ic s.elf-regulation Conservation Sexual Social Novelty
(instincts)
Categories of perception Time (Kronos) Movement Space Time (Kairos)
Naranjo: Character-Essence Dominant passions Fixations Virtues Holy ideas
Enneagram dominant passions # 8,9,1 6,7 2,3 4,5
Tolle: Ego-Being Pain-body Past Mind Past/Future Presence Now Being Unmanifested
. Receiving for oneself o Receiving for the .
Levels of desire Receiving . Sharing (soul)
alone (ego) sake of sharing
Human faculties Memory Will Understanding Wisdom
Cardinal virtues Fortitude Temperance Prudence Justice
Wilber's quadrants Objective Interobjective Intersubjective Subjective
Laloux: styles of Organization Red-amber Orange Green Teal
General holon Preservation Projective action Span Profundity
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be preserved in education. For example: the already es-
tablished knowledge via diverse sciences. On the other
hand preservation in education, in a more concrete way,
takes the form of a program. A program has objectives,
methods, evaluation procedures, etc. It can have different
dimensions and levels. Can be an administrative, strategic,
curricular or classroom-applied program. Preservation
means to preserve all the important values even the ones
that come from the tradition. The recent trend to imple-
ment evidence-based reforms'® can be an example that
confirms the importance of enhancing education with the
implementation of proved programs. There are programs
that have to be maintained. It's the logic of resources
and energies to maintaining valuable educational efforts.
That's the first rationale.

Profundity (T). The whole human being has to be con-
sidered. This is the second rationale. Education can be
understood as a mean to improve consciousness and as
a way of promoting human growing. It can be also pro-
moting the development of the human faculties in devel-
opmental lines.”” Particularly interesting is the progress
toward advanced stages of consciousness.”" In this way,
education of the whole human being can be understood
as a part of a wider general movement of elevation of
personal consciousness.”” Psychologically speaking can
be the construction of a bridge between the unconscious
and conscience as in the Jungian transcendent function.™
It is also the rationale of the premodern religious-spiritual
traditions.

Projective action (A). That means the knowledge of
a group in order to transform reality by constructing
artifacts.” This means including the anthropological
rationale, the ways mean by which the humanity had de-
veloped. It implies intentionality, the election of means,
transformative action, evaluation, as well as learning in
an expert-novice framework.”””! Metacognition acquisition
and competences based education fall inside that modal-
ity. A correspondence can be made with the Aristotelian
episteme poietike directed to the poiesis. The educative
professions are also in evolution in this category. It's the
tékhne-arts-creative-productive logics.”” This means in-
troducing practical and productive life and its rationale to
education.

Span (C). This is the evolutionary cultural dimension.
Culture is part of the imagined representations.”” This di-
mension is structured in worldviews, which are frequently
unconscious until the advanced stages of consciousness.
The evolution of the different worldviews and the values
or v-memes of a culture was studied by Beck & Cowan.
81 This is the logic of the Aristotelian episteme praktike
oriented to the phronesis. It's the place for values and eth-
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ics. Cooperative learning and team learning are located in
this dimension. This is another rationale to be taken into
account.

5. Discussion

Holonic Theory

We defined and developed the holonic theory as an on-
tological theory to explain the different levels of reality.
There are holons (whole/part) in the physiosphere, in the
biosphere, and in the noosphere. Examples of holons are
a simple neuron, a neuronal pattern, a brain or a human
being. Holonic theory is useful to integrate science, arts,
cultures, and levels of consciousness. This perspective is
not necessarily dualist (Damasio).

A correspondence can be done between scientific ratio-
nale and the Aristotelian episteme theoretike, conducted
by the logical necessity. The corresponding Aristotelian
way to the profundity of consciousness is the Aristotelian
nous. And episteme poietike and praktike correspond
respectively to projective action and culture. The pre-
dominance of each holonic dimension defines different
epistemological approaches: empiric-logical science (I),
phenomenological (T), Aristotelian tradition (A) and
constructivist (C).”” Additionally, the model provides the
background necessary to support Wilber's integral theory.

Holistic Consciousness

We studied diverse noospheric holons and found four di-
mensions useful in the characterization of holistic acts of
consciousness: Preservation, profundity, projective action
and span, We can understand from the model developed
why only growing in one dimension is not fully holistic.
This can be applied to the common contemporary syn-
cretism, frequently denominated as holistic, that has span
but without concern in profundity. The same can be said
about some consciousness development movements that
search for profundity but maybe discarding other logics,
like for example preserving the good of the tradition. Tru-
ly holism, in harmony with the holonic theory, needs to
contemplate the four dimensions in order to facilitate the
integral evolution of consciousness.

Holistic Education

Following the model developed we defined holistic educa-
tion, a way to consider education through four rationales:
program, whole-person, projective action, and culture.
Our suggestion for promoting a truly holistic education is
to study how it can be referred to this characterization pre-
sented. We can see the limitations of the educational 'ho-
lisms' that are only activism, the ones only content-based,
the ones focused only in personal development or the pro-
posals that are only a juxtaposition of different perspec-
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tives. In order to develop a model of holistic education,™”

a reasonable presence of the four dimensions seems
appropriate, after the development made by applying the
holonic theory and the holistic consciousness to educa-
tion. When in addition the holistic consciousness uses
the whole holarchy (Wilber's integral theory) the resulting
approach has been denominated as integral education.™"

Application into the Practical Context

We'll present a practical example for Project Based Learn-
ing, a usual methodology widely applied in education.
Holistic education would be to project in this methodol-
ogy the consciousness of the dimensions. Applying the
development described, any educational activity has an
impact in the four dimensions presented:

. Program. To select a formative activity with piec-
es of evidence in the past on their educative value. Value
related to curricular contents and/or with past successful
experiences.

. Whole-person. In which way this activity will
help in the advance of consciousness of participants. Will
it be relevant to the participant's lives?

. Projective action. How this activity will help in
transforming reality. What kind of competences and abili-
ties will be shared and mastered?

. Culture. What are the implicit values in the activ-
ity? Are there opportunities to advance toward collabora-
tive and dialogical values?

Each one of the dimensions has their own rationality.
Each one is important in a holistic education activity and
can be assessed independently. In our example is not only
important to solving the problem, but also the education-
al treatment of the other dimensions. Holistic education
means to be conscious, or more precisely to apply holistic
consciousness, into educational situations. This can be
programmed and evaluated in a holistic pedagogy.

6. Conclusion

Begging with the detection of the contemporary need for
holistic consciousness and integral visions, we developed
the holonic theory, and characterized a holistic act of
consciousness, using a psychological phenomenological
method.

We related the many times blurry defined holistic ed-
ucation with holistic consciousness. We characterized
holistic education as a holistic consciousness act with four
dimensions: program, whole-person, projective action, and
culture. All of these rationales are implicated in any holis-
tic education act. Sometimes in regular education, certain
of these dimensions remain unconscious. In this case, the
perspective under consideration may be educative but not
holistic or product of a holistic consciousness act.
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All of these developments can be applied to pedagogy:
The characterized holistic education can serve as a sys-
tematic framework for holistic pedagogical developments
and debates. Holistic consciousness allows holistic peda-
gogical discussions to go beyond modern worldview and
postmodern syncretism.
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the subject of Linear Algebra. This project presented is novel since usually, in a class of math-
ematics, teacher proposes examples in which we can see an attempt to approximate math to
Linear algebra essential topics such as sustainability. In this case, the procedure is the other way round; it is
about setting as the objective of the course the solution of a problem related to sustainability
and adapting the mathematics program so that throughout the course the problem is solved.
It is not about looking for application examples of the tools, but looking for algebra tools to
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1. Introduction the other hand, all the objectives admit a mathematical ap-

n 2015, was adopted the 2030 Agenda for Sustainable
Development for transform the world and 17 Sus-

proach that allows them to advance in the achievement of
the same. Therefore, it is important to introduce these as-

tainable Development Goals were fixed. One of the
goals is the number four where in its target 4.7 ensures
(see Wells"™), that all learners acquire the knowledge and
skills needed to promote sustainable development includ-
ing education, global citizenship and cultural diversity. On
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The University has a basic function to play in imple-
menting the 2030 Agenda for Sustainable Development.
It is an essential performer in achieving quality education,
but it must also contribute to the training of responsible
citizens committed to the local sustainable development
and global.

Progressively, universities and other institutions of
higher education have been incorporating values and
practices of sustainable development in its core teaching
and research activities, institutional management and
operational systems, even some of them have prepared
strategy guides to integrate the learning of the generic
competition "sustainability and social commitment" *'.
However, so far they have mainly focused on justifying
and reasoning about the need to implement competencies
on sustainable development but without taking action.

To break this dynamic and choose one of the objectives
of sustainable development, we introduce in an evaluable
way the competence of sustainability and social commit-
ment in a subject of the first year of studies of the degree
of engineering, in order that from the beginning, students
take Awareness of the global problem of sustainable de-
velopment.

It is clear that having a dedicated course on sustainabil-
ity does not guarantee the students' full understanding of
the sustainable message. Therefore, a solution as already
indicated Colombo et al.'™”, Allen et al.!"’ and Murphy et
al." could be to transpose transversely into an existing
course unit the sustainability elements on which it is de-
sired to focus.

From the scientific-technical teachings, the transversal
competencies of sustainability and social commitment
must be addressed, so that students understand and be-
come aware of global problems. Using the project-based
learning tool (PBL), from a practical case, transversal
competencies related to the global issues of the Sustain-
able Development Objectives™”, can be explained and
evaluated in the classroom.

Crofton' indicates that provide education based only
on technical knowledge is insufficient to address the
complexity of the problems associated with sustainable
development. It is also noteworthy that there is a growing
demand from students to rethink the content and form of
courses taught in engineering degrees, (Trimingham et
al."¥). To deal with all this requires training that helps to
contemplate environmental problems and development as
a whole.

Some essays over sustainability competence implemen-
tation in engineering studies have been reported in recent
years, for example, an interdisciplinary Project Based
Learning strategy has been applied in the first year of the
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Integrated Master's degree in Industrial Engineering and
Management at University of Minho (Colombo et al.”™).
Nevertheless, there are no essays in which the only sub-
ject is Linear Algebra.

This paper presents a proposal of a project to imple-
ment the competence of sustainability and social commit-
ment through PBL in the Linear Algebra subject of the
first course of the engineering curriculum at any Engineer-
ing schools or Sciences faculties that contain this matter
in its curriculum.

With the proposed implementation of Project-based
Learning, we not only introduce the competition corre-
sponding to the sustainable development objective of a
specific goal (in this case, the number 6, although it is
possible to prepare projects for each of the objectives (see
Garcia et al.””), but also address the number 4 one that is
related to education. This target is to "Ensure inclusive
and equitable quality education and promote lifelong
learning opportunities for all". Given that the PBL pro-
motes quality education and supports curricular innova-
tion, it collaborates in consecution of the SDG number 4.

The project presented is novel since usually, in a class
of linear algebra; the teacher proposes examples in which
we can see an attempt to approximate linear algebra to
essential topics such as sustainability but always from
mathematical matter. In this case, the procedure is the
other way round; it is about setting as the objective of the
course the solution of a problem related to sustainability
and adapting the linear algebra program so that through-
out the course the problem is solved. It is not about look-
ing for application examples of the tools, but looking for
algebra tools to solve the problem.

This work is not about introducing the PBL as a teach-
ing method of linear algebra, but to show that its use can
be a good method to evaluate the transversal competence
of sustainability and social commitment through a STEM
subject as well as to help students to reflect on the SDGs.

Integration of sustainability into the curricula of engi-
neering education

Since the World Commission on Environment and
Development had presented the "Our Common Future"
known as the Brundtland Report™, to the General Assem-
bly in 1987, the concept of sustainable development has
gained increasing interest and attention. Sustainable de-
velopment is defined as development that meets the needs
of the current generation without compromising the ability
of future generations. However, the lack of understanding
and even misinterpretation of this definition has delayed
the implementation of sustainable practices within the
framework of Higher Education.

Universities must act as agents of change by promot-
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ing the principles of sustainable development within their
institutions and in society. As Barth and Reickmann say,
there is no doubt about the role that universities must play
in relation to sustainable development, through education
and the development of competencies that will contribute
to a more sustainable future.

Education for Sustainable Development (ESD) is
a learning process based on the principles underlying
sustainability. This process encompasses a broad range
of experiences and programs. As stated in the Sustain-
ability Education Handbook, published by UNESCO for
the United Nations Decade of Education for Sustainable
Development (The Manual of Education for Sustainabil-
ity!””), ESD is based on five types of learning to facili-
tate quality education and encourage Sustainable human
development. Which are: "learn to know", "learn to be",
"learn to live", "learn to do" and "learn to transform one-
self and society". Education for Sustainable Development,
in its broadest sense, is therefore linked to balanced devel-
opment, in which it takes into account the social, cultural,
environmental and economic dimensions of an improved
quality of life for present and future generations.

The ESD is of particular importance in engineering
education, which must include social, environmental
and economic aspects to training socially responsible
engineers, as they are basic in development society.
Consequently, engineering education programs should
be geared towards sustainability by bearing a part in the
competencies between different disciplines, promoting in-
terdisciplinary and sharing values among them to form for
a sustainable future.

For this project, we have prepared and developed edu-
cational materials that allow working from Linear Alge-
bra, issues related to sustainable development and social
commitment. The material must be the basis for the prepa-
ration of projects that students must solve to assess this
competency to all its dimensions. The competence about
sustainable development and social commitment is under-
stood as the ability to know and understand the complex-
ity of social and economic phenomena that are typical of
the welfare state: capacity to relate well with globalization
and sustainability; capacity to use a stable and compatible
technology, economy and sustainability (Guides to devel-
op generic skills in designing degrees).

It will work the first level of achievement that is: sys-
tematic analysis and critical global situation, taking into
account the sustainability of interdisciplinary and sustain-
able human development, and recognizing the social and
environmental implications of the professional activity of
the same field.

The other two levels of achievement that can be consid-
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ered for undergraduate curricula consist of the following.

For level two: applying sustainability criteria and pro-
fessional codes of conduct, in the design and assessment
of technological solutions,

For level three: considering social, economic and en-
vironmental factors in the application of solutions, under-
taking projects that tie in with human development and
sustainability.

2. Acquisition of Sustainability Competence
through the Subject of Linear Algebra

In engineering studies, the subject of Linear Algebra has
been chosen as an essential and indispensable tool for
anyone who deals with Mathematics, Arithmetic, Func-
tional Analysis, Differential Geometry, Algebraic Topol-
ogy, among others. In other fields, such as Engineering,
Linear Algebra is used for example for the calculation of
structures in which the notion of the eigenvalue is rele-
vant. So it is a subject always thought to be applied in the
longer term, making it difficult to think of introducing
competencies other than those of the subject itself.

However, convinced of the importance of sustainability
issues to be introduced from the outset, we have sought
ways to make this possible.

Although, many people are convinced that Sustainable
Development is completely disconnected with the mathe-
matical reasoning. Nevertheless, they are very connected,
and they need each other, and it is essential not only to
show this relationship to the students but must work both
competencies simultaneously. We will try to relate first-
year college level math with one of the goals of sustain-
able development, concretely we chose the number six
goal about clean water and sanitation.

Different mathematical models can be developed, for
each one of the Sustainable Development goals. As, for
diverse water problems such as the flow of rivers, lakes,
reservoirs, drainage networks, supply networks, treatment
plants, among others, for various renewable energy issues
such as control of wind speed and direction as a means
to estimate the region's wind power potential. These
mathematical models are developed for better understand
cause-effect relationships, to evaluate scenarios and to
find alternative solutions to different problems related to
the considered topic.

Many of these models are linear or linearized, so they
can be treated using Linear Algebra.

2.1 Project Based Learning

Project-based learning (PBL) is a model that organizes the
students learning around projects.

According to the definitions found in the PBL manuals
for teachers, projects are complex tasks, based on ques-
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tions or challenging problems, which involve students in
the design, problem-solving, decision-making, or research
activities. They give students the opportunity to work rel-
atively autonomously for extended periods of time, and
culminate in realistic outputs or result presentations (see
(Jones et al.""; Thomas et al."'”), for example).

In a course where learning is based on projects, stu-
dents apprehend about a topic by working for an elon-
gated period to investigate and respond to a complicated
question, challenge, or problem. PBL is an active method
of learning which starts by posing questions, problems or
scenarios rather than paper-based, rote memorization, or
teacher-led instruction that presents facts (see Taberna and
Garcia-Planas"®.

This method of learning presents at least the following
advantages

Exploit student's autonomy

It allows to work collaboratively.

They come from the interests of the students and are
motivators therefore.

They involve the development of core competencies.

Allow the work of different intelligences.

Allow the use of different learning strategies.

But, not all are advantages; we can also find some dis-
advantages.

They demand a paradigm shift in the way teachers
think: we educate how they have educated us.

The concept of educational "level" needs to be rede-
fined. Does the amount of knowledge or the quality of that
knowledge matter?

Probably, if the change affects a whole matter or a cen-
ter, it is necessary to convince the families of the outcome
of the project.

They may need more teaching time to achieve the same
academic goals.

It may at first confuse students.

Students who are bright or looking for more grades
may be uncomfortable in a cooperative work group.

The biggest advantage is that in addition to the skills
of collaboration, communication, critical thinking and the
use of new technologies, it is possible to include work
skills on sustainability. As a result, project-based learning
helps students make their learning meaningful and re-
warding by connecting them to the real world outside the
classroom and generating confidence in the realization of
their possible actions.

Then, it is clear that the use of PBL increases the sig-
nificance of the learning that is, the relevance and the use-
fulness of what is learned.

For the PBL to be successful, the tasks to be carried out
must be explained in detail, giving guides, advice, mate-
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rials and offer opportunities for students to put them into
practice through the tasks and activities proposed in the
project.

On the other hand, students should be helped to over-
come their tendency to postpone the process of complet-
ing the work by properly structuring the course.

2.1.1 How Does Project-Based Learning Work?

Project-based learning, as well as any learning method,
requires a lot of planning. After a brainstorming, it begins
with the selected idea and the approach of an essential
question. Then many content standards will be addressed
and devise a plan that will integrate as many subjects as
possible into the project (see George Lucas Educational
Foundation"").

Which can be summarized in the following steps:

- Start with the Essential Question.

The proposed question must be one that will engage the
students.

- Design a Plan for the Project.

It is essential to have in mind which content standards
will be addressed.

- Create a Schedule.

Design a timeline for project components taking into
account:

- What time allotment will be given to the project?

- Will this project be conducted during the entire school
day or during dedicated blocks of time?

- How many days will be devoted to the project?

Not forgetting that possible changes to the schedule
will happen.

- Monitor the Students and the Progress of the Project.

Maintain control without preventing students from tak-
ing responsibility for their work, following these steps:

- Facilitate the process and the pleasure of learning.

- Encourage students to work collaboratively.

- Provide resources and guidance.

- Assess the process by creating team and project ru-
brics.

- Assess the Outcome.

Evaluate progress and give students feedback on how
well they understand the information and on what they
need to improve.

- Evaluate the Experience.

Reflection is a key component of learning. Allow for
individual reflection, as well as group reflection and dis-
cussion.

The proposed question must be one that will engage the
students.

Designing the project, it is essential that you have in
mind which content standards will be addressed.
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2.2 Evaluation by Rubrics

Whenever there is an instruction, it is necessary to eval-
uate the acquired skills to know if the learning objectives
have been achieved.

Evaluate is a process by which one or more charac-
teristics of a student or a group of students are given the
attention of the one who analyzes and evaluates their
characteristics and conditions according to some criteria
or reference points to emit a judgment that is relevant to
the student's education.

Any method of evaluation employed must have clear
and detailed criteria, which can be translated into param-
eters from which the evaluators will quantify and provide
their assessment.

The methodology that we chose for the evaluation of
the project is by rubrics because of it has been shown that
the use of rubrics for assessment contributes significantly
to improving students' performance.

The rubrics or rating matrices are "scoring guides used
in student performance assessment that describe the spe-
cific characteristics of a product, project or task at various
levels of performance, to clarify what is expected of the
work of the Student, to evaluate its execution and to facil-
itate the proportion of feedback"

In the elaboration of a rubric, it is necessary to include
the criteria of evaluation that gather the fundamental el-
ements of the competence; they have to be criteria that
offer to the student, with clarity, all the characteristics of
the competence to develop!"”. More concretely, at the time
of elaboration, it is convenient to take into account some
aspects such as

Consider the characteristics of the competencies that
have to be evaluated.

Determine accomplishment indicators (Development,
originality neatness, creativity, clarity of writing, ability to
synthesize, etc.).

Place the acquisition levels on a graduation scale to
specify the differences in learning.

Determine the score awarded at each level.

The rubric must be available to students from the
moment they call the project to be done. In this way, the
students see that there is a system with some objectivity
for the evaluation of their work and at the same time can
evaluate their progress by consulting this rubric.

2.3 Tools for the Implementation of the Methodol-
ogy

The progress made by information and communication
technologies in recent years has had a significant effect on
education and tools such as e-portfolio and others useful
for e-learning have appeared; This tools can help improve
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and complement teaching Traditional in the classroom
in many fields, including mathematics. In addition, they
make it possible to make flexible the programs of the as-
signments facilitating the implementation of transversal
competences.

In this case, we propose the use of the e-portfolio tool
to support problem-based learning (PBL) in the teaching
of the subject of Linear Algebra in which the transversal
competence of sustainability and social commitment has
been implemented.

An e-portfolio is a valuable tool for teaching, learning
and assessment. Bear in mind that an e-portfolio is a dig-
ital collection of statement joined and managed by a user,
usually on the Web. Such electronic evidence includes
among others entering text, electronic files, images, mul-
timedia, blog entries and hyperlinks. E-portfolios are a
process of showing both the user's abilities and platforms
for self-expression, and, if they are online, they can be
maintained dynamically over time, (Dominguez-Garcia et
al.”h.

Can be found various online platforms that allow cre-
ating a personal e-portfolio in general and educational
e-portfolio in particular. Several authors (see (Bri et al.”;
Dominguez-Garcia et al.™) for example), analyse some of
these educational platforms to facilitate the decision about
which platform will be chosen.

One of the most used platforms is the open source
e-Portfolio and social networking web application "Maha-
ra" usually used joining an open source e-learning plat-
form as for example Moodle. Both systems have built-
in support for each other in the form of single sign-on
and transfer of content or export different types of objects
from Moodle to Mahara (API Portfolio) and to import ob-
jects from Mahara to Moodle (API repository)

Another open source of e-Portfolio able to be con-
nected to Moodle by means of a plug is "Exabis". This
platform permits us to introduce different pictures called
categories where each of them gives access to different
competencies. It is possible to access to multiple frames
and assign different categories.

The Exabis platform is simpler than Mahara however is
easier to import and export materials from Moodle.

As is well known, "Google Sites" is a free online
application offered by the company Google. This appli-
cation allows us to create a website in a simple editing
a document. Both teachers and students can put in one
place texts and images, as well as to include multiple
documents. It also allows easy sharing personalized infor-
mation across the network.

However, one limitation of this application is that the
storage space is 100 MB. If the user is member if Google
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Apps it can be expanded to 10 GB.

The tools for working on this platform provide graphic
images in a more visually attractive way  than Mahara
and Exabis, making it more suitable for subjects such as
drawing.

However, lately, it is spreading the use of the Word-
Press platform to create the portfolio for its sensibility in
handling.

The use of learning platforms is an excellent tool for a
quality education that is the basis for sustainable develop-
ment, favoring access to education at all levels.

3. Using Case Study Methodology to Approach
the Sustainable Water Management Compe-
tence

The Agenda 2030 for Sustainable Development (http://
www.un.org/ sustainable development/en/), with an am-
bitious vision, includes seventeen Objectives integrating
economic, social and environmental dimensions. Among
these, there is the Goal 6: "Ensure access to water and
sanitation for all". To achieve its aims is essential training
to increase the efficient use of water resources in all sec-
tors and ensure the sustainability of extraction and fresh
water supply to cope with water scarcity and reduce the
number of people suffering from water shortages.

To approach Sustainable Development Objectives in a
mathematics subject, we make a teaching proposal based
on projects.

Collaborative learning techniques are incorporated so
that the project (that constitutes the core of the matter),
be developed in the framework of project-based learning
(PBL).

Despite the fact that the project has been implement-
ed in large groups, it would seem natural to have opted
for traditional master classes. This kind of courses offers
certain advantages over other teaching methods because
it is a fast, cheap and efficient method of transmitting in-
formation to a large number of students simultaneously.
But it is also well known that student attention can only
be maintained for short periods of 15 to 20 minutes sepa-
rated by small spaces of 1-2 minutes in which the students
stop paying attention; These periods of concentration
are reduced, lasting less than five minutes at the end of a
class, (Khan 2012)."" In spite of everything, the master
class has its meaning and can be used, but we think that it
should not be the only method used in the classroom. So,
we combine master classes with project-based teaching
that helps to contribute effectively to the development of
both cross-curricular and specific competencies that the
subject must face.

The methodology of project-based learning enables
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different competencies to be worked in a cooperative way
and can influence the understanding that a win is not sus-
tainable, leading to the failure of others, which requires
replacing competitiveness with cooperation. At the same
time, it allows to contemplate environmental and develop-
mental problems as a whole, taking into account their close
relationship and the use of Linear Algebra, we can analyse
their repercussions in the short, medium and long term.

Different mathematical models can be developed for
various water problems such as a flow of rivers, lakes,
reservoirs, drainage networks, supply networks, treatment
plants, among others. These models are developed to
understand cause - effect relationships better, to evaluate
scenarios and to find alternative solutions to different
problems related to water.

3.1 Project Proposal

This project is designed for a context of engineering
school or faculty of science where a course of linear alge-
bra is taught.

The proposal responds to the need to introduce the
subject a competence that adds criteria and values con-
sistent with sustainability and responds to the economic,
social, cultural and environmental aspects of human de-
velopment. Concretely, the subject considered is the water
because it is a critical resource that has not substituted.
Having potable water is a universal human right and is
also a key factor for public health. The way we maintain
and expand this critical good is a fundamental problem
for building an environmentally and socially sustainable
world.

This project can be applied in any studies in which
contain the subject of linear algebra in its curriculum.

The following project is presented to students:

In a certain country, it is proposed to build a reservoir
to regulate the basin of one of its rivers with the objective
of satisfying the needs of water for irrigation.

For the realization of the project, the students are given
the following data:

Maximum reservoir capacity,

Quantities required for irrigation

Volume to be left to maintain water quality standards
for other uses, provided that the water level of the dam
plus the weekly contribution by the water of the river,
does not reach a minimum that does not allow the exit of
water.

The primary objective to be achieved with this project
is: "Study the viability of the reservoir" by analyzing

The stability of the reservoir under the given conditions

The sustainability of the reservoir under the same con-
ditions
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The stability of the reservoir imposing the variation in
the time of the river's contribution to climate change.

The sustainability of the reservoir by imposing the pre-
vious condition

It is also intended that the following awareness-raising
objectives be achieved:

Make an assessment of the social benefit by counter-
balancing the benefits to be obtained by irrigation in the
face of social conflict caused by expropriations and the
resulting displacement of the inhabitants of the area.

Make an assessment of the problem by extrapolating
the case to a large dam.

To solve the project, the student must:

Describe using a matrix equation of the type p(k + 1) =
Ap(k), the weekly transition of the probable water units.

2. Express p(k) as a function of p(0)

Starting from a particular amount of water impounded:

Analyze the probability that in two weeks the reservoir
will be below minimums.

Critical assessment of the result within the context of
the work.

Find out how Linear Algebra will give us a solution to
the matrix equation proposed

Apply it to the case at hand

Use the calculations to analyze the situation of the res-
ervoir at the week

k=10.

Study and analysis of stability and sustainability.

The organized task for PBL is precisely aligned with
one of the Sustainable Development Objectives 2030,
more concretely with the goal number six "Ensure access
to water and sanitation for all". To achieve this aim is es-
sential training to increase efficiency of water resources
in all sectors and ensure the sustainability of freshwater
harvesting and water supply to address water scarcity by
reducing the number of people suffering from water short-
ages.

With this project not only introduces and evaluates the
competence on sustainability but also the social commit-
ment because they must also value the social cost that in-
volves the displacement of people with the uprooting that
this entails.

Clearly, the students need to learn a full linear algebra
course to solve completely and in a correct form, the proj-
ect.

3.1.1 Course Planning

Suppose that the subject of linear algebra corresponds to
a course of 150 hours of which 40% corresponds to the
work done in the classroom and the remaining 60% to
work done outside the school. Theoretical classes occupy
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25% of the time devoted to the classroom tasks, and com-
plete the time with tutorials and solving the doubts that
have arisen for the students. In addition, students work
collaboratively on the proposed project related to the ac-
ademic content of the subject. This accounting has been
realized taking into account the European Credit Transfer
system, (ECTS). In this system are also assessed the hours
that students devote to the self-activity. The computation
corresponds to 25 hours per credit, and the subject is val-
ued at six credits. One of the significant advantages of the
ECTS credits is that being the unit of measure equal in all
the universities of the new European space allows com-
paring much more efficiently the educational load of the
degrees.

We plan, as can be seen in Figure 1, the distinct tasks
that must be solved by the students through the different
weeks of the course to achieve with success the project.

18t SEMESTER

Presentation of the PEL Project
Groups croabion
Support materisl
dviddual part ot the e-porrolo
WEEK 1-2
PBL Project AL
Presoetation ol the 21 tane of the pecjoct Davelapment of the 2nd. Lxse of ihe project
Descripton Proyact

ol groups assigments #
0 Mot echition of doutks (Meneal
7 WEEK 8-14

Figure 1. Subject Planning

The plan has been prepared conscientiously having in
mind the progress of the lectures in which they are intro-
duced the theoretical support corresponding to the linear
algebra subject and that should serve them as the basis for
the completion of the project.

Students are given the work plan at the same time that
they are notified of the project they are required to com-
plete.

The students are invited to follow the plan as closely as
possible so that they can carry out their project progres-
sively and profitably.

3.1.2 Evaluation

When designing a subject one of the fundamental ques-
tions that one has to think about is how what and when to
evaluate. If we focus the evaluation on the competencies
that we want the student to acquire, we can give coher-
ence to the structure, approach and the development of
the subject. Keep in mind that they are first-year college
students and the first project they face, so it is important
to help them plan to avoid failure.

Following Monereo"”, "Say you how you evaluate,
and I will tell you how your students learn" the evaluation
has a retroactive role on learning and teaching because it
modifies the way of learning and educating.

Once we have defined the competencies that we want
to evaluate and have designed the methodology to front
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learning for the acquisition of these skills we have to pro-
ceed with the evaluation.

As we have indicated in subsection 3.2, the evaluation
of the project is done by rubrics.

We have valued the current rubrics, and we have found
that they do not provide the required information, for
Linear Algebra course, in general, and for mathematics
topic including evaluation of transversal competencies as
sustainability. So we have chosen to perform new rubrics
in such a way that they perfectly adapted to the course,
which includes all skills treated, that is evaluated. Table 1
Presents the Part of Rubric Corresponding to the Evalua-
tion of Sustaina- bility.

Table 1. Evaluation of the transversal competency
involved in the PBL

["Thak

Y=, identifios
this prrwbilenn
bt arly
uined mccurately
5 points

YES, udentifies
the problem, hut
NO properly

2 point

YES, identifien

the problem, but
someet himg confusing
b poknts

NO porrect
Mentifieation

Description

if the water

sustainnbility
problem

1 point

ITas not Been able
to analyze
stability

Has analysed
e problem
currectly

T points

Analysis of
stability and

me of the concepits

rainability i
| priimits

the study mind
2 puoints

sustainnbility

Sustainability competence is evaluated in each of the
evaluation acts, in the examinations appear detailed ques-
tions linked to the competencies of sustainability.

The project values the treatment of sustainability in a
special way, although in each and every one of the points
to be evaluated, this concept is implicit. Also, differ-
ent aspects of the project are assessed, the ones related
to the formal appearance and care in the presentation
of the work, the solving process of the project and the
self-assessment and peer assessment of the student work.
Self-evaluation is a good strategy to increase responsibil-
ity and for students to learn to value, criticize and reflect
on their learning process and peer evaluation enables stu-
dents to evaluate peer work and compare work that leads
them to improve their realized work.

Due to the good results, we have prepared text with
different projects to continue to implement in class (Gar-
cia-Planas et al. ).

4. Results

This project has been implemented by the students of the
Barcelona School of Industrial Engineering (ETSEIB)
from the Polytechnical University of Catalonia (UPC),
on the subject of linear algebra during the academic year
2016-17. The results in the process of acquisition of
the transversal competence on sustainability and social
commitment on the part of the students are satisfactory.
Specifically regarding the objective of sustainable devel-
opment "Sustainable water management" students through
project-based learning implemented in the subject of
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Linear Algebra, have become aware and have been able
to address, deepen and disseminate the proposed theme in
the classroom through the virtual campus of the UPC.

It is important to emphasize the change of attitude of stu-
dents with regard to the ones of the previous years.

5. Conclusion

Sustainability is often emphasized as an essential objec-
tive of higher education, but more as a principle than at a
practical level. This work has shown how it is possible to
carry out the implementation of sustainability competence
in an evaluable form, in a subject of higher education
mathematics.

As a first conclusion, we have that it is imperative that
universities in making their curricula take into account
sustainable development. Little by little, the high schools
are becoming aware but the process is slow and according
to which subjects the teacher is less open to including this
competence in his subject.

With this work, we have proved that it is possible to
implement the competition "Sustainability and social
commitment" within a mathematics subject, to address
the objectives of the Agenda 2030 on sustainable develop-
ment.

For this, it has been important to see how cross-sec-
tional looking for real problems, which the student must
model, it is possible to evaluate such competence.

In this case the analysis of the sustainability of water
management. It is important to emphasize the change of
attitude of the students about previous years.

Collaborative learning techniques are incorporated to
ensure that the project that constitutes the core of the sub-
ject is developed in the framework of project-based learn-
ing (PBL).

The presented project has significance since the learn-
ing through PBL implies changes in the knowledge struc-
tures of the students, modifies them and enriches them
since it establishes new connections and relations between
them. In the learning process, the student develops a sig-
nificant relationship between what has been acquired and
everything that must be learned and assimilated through
the project "connecting" the new information with rele-
vant concepts previously acquired.

The project has contributed to the development of
an organizational culture that fosters principles such as
meaningful learning, collaboration, responsibility, innova-
tion, mutual help and respect, participation, individual and
collective reflection.
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