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Abstract
The objective of this study, in the Student Approaches to Learning (SAL) perspective,
was to test a computer-assisted intervention that seeks to promote awareness and selfregulation of learning strategies, aiming at improving the quality of learning. The
intervention involved the use, by a sample of higher education students, of purposely
developed interactive software – the PAE v.1 - which basically allows users to selfassess, recognize and self-regulate learning strategies. Pre- and post-intervention
measures of the learning process and product were compared, both in general and
individually, according to the experimental methodology. The results suggest that the
intensive implementation of the intervention was effective in generally increasing a
deep learning strategy and, in some cases, reducing a surface strategy and increasing
an achieving strategy, but not significantly enough under these conditions, to improve
the quality of learning. It is suggested a way of using the intervention procedure to
achieve such an improvement.
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Introduction
Student Approaches to Learning (SAL) theory suggests that learning products result from a
variety of factors: students’ characteristics, their learning context and, more directly, their
learning process (Biggs, 1999; Biggs & Tang, 2007). This theory conceptualizes the learning
process as an interaction between the kinds of motivation that support learning and the types
of strategies that actualize it (Entwistle, Tait & McCune, 2000; Marton & Säljö, 1976).
Motivation refers here to what orients a student to learn. Learning strategies, the focus of this
empirical study refers to all means a student uses to cope with learning tasks – especially to
process information. In this sense, Biggs (1984) differentiated three levels of strategies:
“micro”, “macro” and “meso”. “Microstrategies” are the elementary procedures directly used
to study (e.g., note-taking), while “macro strategies” are responsible for self-regulating those
procedures (e.g., monitoring and modifying note taking). In addition, on an intermediate level,
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“meso-strategies”, the focus of SAL theory, characterize the manner in which micro-strategy
are used (e.g., literal or selective note-taking). Specifically, research has identified three kinds
of meso-strategies: surface, deep and achieving strategies (e.g., Biggs, 1987; Diseth, 2013).
The use of a surface strategy basically involves dealing separately with content units, therefore
not interconnecting them or connecting them with other content, and literally memorizing
formal elements such as words, facts or procedures. In contrast, the use of a deep strategy
mostly implies interrelating content and relating it to prior knowledge in an attempt to
understand and eventually develop a critical position. Third, the use of an achieving strategy
involves managing one’s study in an organized way while considering evaluation criteria.
Approaches to learning can act both as stable ways of addressing study tasks by relying on
individual characteristics and as varied responses to situations depending on the context (e.g.,
Biggs, Kember, & Leung, 2001). Therefore, consistency in learning does not nullify the
possibility of alternating between different approaches to learning as a function of an
individual’s perception of content, context, external expectations or type of learning task
(Laurillard, 2005; Richardson, 2007).
1.1 Learning Strategies and Quality of Learning
In attempting to characterize the quality of learning, several systems have been proposed (e.g.,
Bloom, 1956; Marton & Säljö, 1976).
Inspired by Piaget’s perspective and the SAL framework, Biggs and Collis (1982) propose the
SOLO taxonomy (Structure of the Observed Learning Outcome), which attempts to
differentiate the expression of preoperational, concrete and formal thinking on the learning
product. Biggs and Collis (1982) suggest that any answer to a question on learned content
involves three parameters: “relating” (i.e., logical connection with the question); “capacity”
(i.e., addressed information); “consistency and closure” (i.e., how it concludes). By observing
how these parameters vary in different learning products, a taxonomy that characterizes five
levels of increasing complexity was developed: 1. pre-structural (absence of a logical
connection between an answer and corresponding question, which is repeated or answered in
an irrelevant way; the conclusion is inconsistent with the original information); 2. uni-structural
(the answer is logically connected to the question, but it includes only one correct and relevant
informational unit; the conclusion is impulsive and inconsistent); 3. multi-structural (the
answer is logically connected to the question with several relevant but not interrelated
informational units that enumerate or repeat acquired information; the conclusion is impulsive
and inconsistent); 4. relational (the answer is logically connected to the question with several
relevant integrated informational units in the form of a concept or argument; the conclusion is
consistent with learned information); and 5. abstract (the answer is logically connected to the
question and also possibly to the hypothetical questions; the information is interrelated, and the
general principles are made abstract for other knowledge domains; the conclusions are open,
providing logically possible alternatives). In addition to these five levels, it is also possible to
consider the intermediate level and intra-level differentiations, although Biggs and Collis
(1982) consider these to be less relevant discriminations in terms of assessing significant
differences in the quality of learning. The SOLO taxonomy is applicable to the characterization
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of learning in different knowledge areas and has been used in the study of the relationship
between the learning process and learning products (e.g., Biggs, 1999; Biggs & Tang, 2007;
Zou et al., 2014).
In parallel, different studies have focused on the relationship between approaches to learning
and learning products. Some of these studies consider how the use of each approach to learning
relates to achievement, and they basically have found that while deep and achieving approaches
to learning tend to positively relate to or even predict academic achievement, the surface
approach tends to negatively relate to it or even predict underachievement (Cano, 2005, 2007;
Diseth, 2007, 2013; Phan, 2009; Platow, Mavor & Grace, 2013; Watkins, 2001). A few studies
with the same focus report a null effect of deep or surface approaches on academic performance
(e.g., Phan, 2007), but this finding has been explained by the possible misalignments between
assessment tasks and learning outcomes (Phan, 2009). Moreover, other studies have considered
how the use of each approach to learning relates to learning products with differentiated levels
of structural complexity. These studies reveal that approaches to learning in which the surface
strategy is involved tend to be associated with learning products of more reduced structural
complexity – i.e., multi-structural in terms of the SOLO taxonomy (e.g., Biggs, 1987; Van
Rossum & Schenck, 1984; Watkins, 1983). The surface approach to learning might lead to
difficulties with integrating parts of the content, which are consequently separately processed
in their presented order. In contrast, the studies reveal a typical association between approaches
to learning that involve the deep strategy and higher levels of structural complexity of the
learning product. Effectively, the use of the deep approach to learning is related to products at
the relational level (characterized by the interrelation of content based on the development of
personal arguments on the theme) and products at the abstract level (characterized by the same
interrelation and by generalization to other domains) (e.g., Biggs, 1987; Gibbs, 1992; Trigwell
& Prosser, 1991; Zou et al., 2014). This supports the argument of Liping Chen and Dhillon
(2012) that the use of a deep approach facilitates the transfer of learned concepts to a variety
of situations due to the denser matrix of connections within personal knowledge. Finally,
concerning approaches to learning that involve an achieving strategy, there are signs that they
can relate to learning products of high (Zou et al., 2014) but also diversified structural levels
(Biggs, 1987). In this case, it is conceivable that the product might “strategically” vary
depending on the students’ perception of the situation’s utility, which is based on their aims
(i.e., high grades) or what will possibly please the teacher.
The association between approaches to learning (where different types of strategies are
involved) and different learning products creates possibilities to improve these products by
impacting these former variables.
1.2. Improving Learning
Complementing descriptive studies that address students’ approaches to learning, research is
also interested in the modifiability of these approaches in an attempt to develop ways to
improve learning. This kind of applied research has produced mixed results, and a significant
number of interventions suggest the possibility to evoke desirable changes in approaches to
learning (Richardson, 2005).
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One initial perspective, centred on the modification of the learning context, suggests that an
intervention’s goal should be to encourage deep and achieving approaches to learning while
discouraging the surface approach to learning. In this line, several studies have demonstrated
the possibility to intervene in order to encourage the use of a deep approach to learning (e.g.,
English, Lucket & Mladenovic, 2004; Liping Chen & Dhillon, 2012). This goal is justified
based on the fact that the deep and achieving approaches normally lead to a higher level of
learning product than the surface approach (e.g., Platow et al., 2013; Trigwell & Prosser, 1991).
The same goal might also be grounded in the fact that instruction, especially in higher
education, is mostly aimed at students’ demonstration of conceptual comprehension and
independent learning (Wilson & Fowler 2005).
Another perspective, centred on the modification of personal variables, suggests that a surface
approach to learning in certain situations can be more adaptive; the goal of interventions should
be neither encouragement nor discouragement of any approach to learning but the promotion
of self-awareness and self-regulation in all approaches to learning (e.g., Blundell, 1995). This
self-regulation acts considering the situational demands, improving the probability of a
reflective and adaptable approach to the learning task. Accordingly, several studies indicate the
advantages of promoting awareness of both implemented and alternative approaches to
learning, along with promoting knowledge of the consequences of adopting each variety of
approach (Beckwith, 1991; Duarte, 2012; Entwistle & Wilson, 1977; Entwistle, Odor, &
Anderson, 1987).
The possibility of simultaneously aiming for the two kinds of goals mentioned above is also
considered. This means that although it seems legitimate to encourage a deep and achieving
approach to learning and discourage a surface approach, it is also necessary to prepare students
to regulate their own approach to learning so that they can autonomously adapt to the variety
of situations they confront. This means recognizing the advantages of encouraging a deep and
achieving approach to learning but also finding that the decision on the approach belongs to
the student based on the types of situations with which he/she is confronted. It also assumes
that the student knows the different approaches and is aware of the possible consequences of
each.
An analysis of the results from interventions on approaches to learning reveals that the efficacy
of these results is neither linear nor consistent. For instance, although it is relatively simple to
implement a surface approach to learning, it is not easy to encourage a deep approach.
Furthermore, some of these interventions seem to be successful only with more mature students
(Biggs & Rihn, 1984). After conducting a literature review, Richardson (2005) emphasizes the
role of students’ perceptions of changes in these approaches to learning along with their
conceptions of learning in mediating actual changes in their approach. Nevertheless, a number
of interventions suggest the possibility to make desirable changes in approaches to learning,
particularly to increase the deep approach to learning (e.g., Bran, 2014; Gibbs, 1992). In
addition, a potentially new intervention has also been introduced in this realm with the
assistance of computers.
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1.3. Computer Assisted Intervention on Approaches to Learning
Interventions on approaches to learning have also reflected the inclusion of information and
communication technologies (ICT), particularly specialized e-learning environments (e.g., AK,
2011) and software applications. Regarding the latter, few have been developed and tested,
which are briefly reviewed here.
The PASS (Personalized Advice on Study Skills), software developed by Entwistle and
collaborators, aims to provide an assessment and acquisition of study skills and counselling in
an organized deep approach to learning (Entwistle, Tait & Speth,1998; Tait & Entwistle, 1996;
Tait, Speth & Entwistle, 1995; TLTP, 1998). This tool allows for automatic evaluation of users’
learning competencies - including their approaches to learning - along with counselling on the
competencies needed for academic adaptation. Another version of PASS was later developed
for online use, making it accessible to a wider range of students (McCune, 1999).
The IECM (Integrated Engineering Course Map) is an application designed by Solomonides
(1993) for use by engineering students (Solomonides & Swanell, 1995). Among other topics,
this software introduces different types of motivation to study, different conceptions of learning
(prioritizing a “qualitative” conception) and different approaches to learning. The application
also provides instruction on the competencies needed to apply a deep approach to learning
(both in general and specifically related to learning by reading and for examinations).
Finally, the Skills Shop is an application developed by Bailey, Catchpole and Smart (1997) for
use by university students as well. This software presents the different approaches to learning
and discourages the use of a surface approach to learning while encouraging a deep and
achieving approach. It promotes the development of different learning strategies by providing
tutoring on time management, classroom learning, reading, writing, reviewing and project
work.
The goal of this study was to contribute to the validation of a new specialized software the PAE
v.1 (i.e., an environment to intervene on learning strategies, which was developed within the
framework of the SAL theory by examining its impact on learning strategies and the quality of
learning in a sample of college students. The main goals of the PAE v.1 are as follows:
promoting or maintaining its users’ learning strategies that maximize learning results (i.e., in
general, a low surface learning strategy and a highly deep and achieving learning strategy) and
increasing its users’ quality of learning (i.e., high structural complexity of learning products).
Therefore, concerning the impact of the PAE v.1, the four hypotheses were established as
follows: H1- After the use of the PAE v.1, there will be a general reduction of the surface
learning strategy and a general increase of the deep and achieving learning strategy among
participants in the experimental group; H2 - After the use of the PAE v.1, there will be a general
increase in the quality of learning (i.e., increase in structural complexity of learning products)
among participants in the experimental group; H3 - In a follow-up observation of participants
in the experimental group, the changes predicted in H1 and H2 will be maintained; and H4 Despite the mean changes predicted in the experimental group in H1 and H2, there will be
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individual variability within the sample, with some cases benefiting from the use of the PAE
v.1 while others do not.
2. Method
2.1. Procedure
A before-after experimental design (Christhensen, 2007) was used to evaluate the impact of
the intervention using the PAE v.1 (independent variable) on learning strategies (dependent
variables) (H1). The learning strategies of the experimental group (that used the software) and
control group (that did not use the software) were evaluated before (pretest) and after the
intervention (posttest) and then later, in a follow-up (H3) of solely the experimental group.
Participants in these groups were students from the same university pursuing the same degree
(see Participants) who were randomly assigned to the experimental and control groups.
Additionally, a one-group before-after experimental design (Christhensen, 2007) was used to
evaluate the intervention’s impact on the software users’ quality of learning (dependent
variable) (H2). Quality of learning was evaluated before and after the intervention and then
later at follow-up.
Moreover, based on a multiple case experimental design (Cristhensen, 2007; Neuman &
McCormick, 1995; Wilson, 2000) and from a perspective that emphasizes the interaction effect
between “treatment” and “aptitude”, a before-after intervention comparison of learning
strategies and the quality of learning was performed for each software user, aiming to find
evidence that its effects were specific to each person (H4).
2.2. Participants
The sample of students who used the software was composed of 14 freshmen from a Portuguese
public university’s psychology program: 6 males and 8 females with a statistical mode age of
18 years (M=18.1; SD=.3) and a mean grade in a secondary school of 15.6 (SD=1) on a scale
from 0 to 20. The sample of students who participated in the learning strategies control group
was also composed of 14 university freshmen from the same psychology program: 3 males and
11 females with a statistical mode age of 18 years (M=20.4; SD=5.2) and a mean grade in
secondary school of 15.9 (SD=1.1) on a scale from 0 to 20. No participants dropped out of the
study.
Informed consent was obtained after debriefing participants on the study (i.e., procedure and
context) and confidentiality.
2.3. Measures and Measurement
The data collection for the evaluation was performed at three-time points: initial evaluation,
post-intervention and follow-up. The initial evaluation, in which participants’ baseline use of
learning strategies and quality of learning were assessed, involved an initial application of the
questionnaire’s scales on learning strategies and three (1st, 2nd and 3rd) reading tasks (with a
one-week interval between each). The post-intervention evaluation, in which the intervention’s
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impact was measured, occurred one week after the intervention was finished and involved a
second application of the scales on learning strategies, along with the application of the other
three (4th, 5th and 6th) reading tasks (again with a one-week interval between each). Finally,
a follow-up evaluation to estimate the degree to which the intervention results were maintained
occurred one month after the last session of the post-intervention evaluation and involved a
third application of the scales on learning strategies, along with a final (7th) reading task.
The use of learning strategies was evaluated using three scales on learning strategies from the
Inventory of Learning Processes for University Students (IPA-u; Duarte, 2007), an inventory
developed for the Portuguese context based on the SAL theory. The implemented version was
the 2nd revised version, which had been studied with a sample of 1100 Portuguese university
students. This instrument includes 48 items, each measured by a 5-point Likert-type scale
ranging from 1 (Never or rarely true to me) to 5 (Always or almost always true to me). Eight
factors with eigenvalues higher than 1, accounting for 57.7% of the variance, were found using
an exploratory factor analysis followed by varimax rotation. These eight factors corresponded
to eight scales, of which four addressed motivation and four addressed learning strategies: Deep
Strategy (learning by comprehending, interrelating information and using critical thinking - 8
items, e.g., “i.4. I try to relate different content.”); Achieving Strategy 1 - Time (use of time
management - 5 items, e.g., “i.10. I try to efficiently organize my study time.”); Surface
Strategy (rote learning - 6 items, e.g., “i.12. I try to learn most content by memorizing it by
heart.”); and Achieving Strategy 2 - Difficulties (personal management - 2 items, e.g., “i.32 I
have difficulty organizing my work.”: inverted item). The Cronbach’s alpha values were .88,
.83, .80, and .73, respectively. For this study, only the first three aforementioned scales on
learning strategies were used.
To evaluate participants’ quality of learning, a procedure based on the evaluation paradigm
proposed by Biggs and Collis (1982) was used. This paradigm involves categorizing
participants’ answers to questions about the text they have read (e.g., a question on sciencerelated text is as follows: “Comment on the potential of science as presented in the text”). This
categorization is made by locating each answer in a taxonomy of possible answers that provides
a characterization of learning products’ “structural complexity” (i.e., the SOLO taxonomy with
5 increasing levels of quality of learning, presented in “1. Introduction”). All the texts that are
used present open content, allowing answers to cover every level of the taxonomy. Three texts
were used for both the initial and post-intervention evaluation. These texts were similar in genre
(two informative texts and one fictional text at each time point), length (mean of 368 and 335
words and 14 and 13 sentences), and legibility as measured by the Flesch Reading Ease index
(FREI) (Flesch, 1979) (mean values of FREI of 9 and 16). For the follow-up evaluation, an
informative text was used. This text was similar to the previous texts in terms of length (304
words and 13 sentences) and legibility (FREI value of 20). An analysis of the answers to the
reading tasks according to their categorization was conducted by two independent analysts
using the SOLO taxonomy and involved comparing each answer with examples of answers
from each level of the scale. Quality of learning at each evaluation time point was derived by
calculating the mean of the SOLO taxonomy level assigned to each of the corresponding
answers. The percentage of agreement between the analysts was calculated ((agreements ÷
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agreements + disagreements) × 100), and for evaluations in which a disagreement existed, it
was resolved through a discussion or (if a discussion maintained the disagreement) an appeal
to a third judge. The mean percentage of agreement for the 14 cases was 91% (SD=0.1%).
2.4. Intervention
The intervention consisted of participants’ use of an interactive software – the PAE v.1 – whose
content (in Portuguese) was developed by the first author and whose structure related to its
informatics support was assigned to a programmer (J. Ramos do Ó) with whom there was
extensive collaboration regarding the software design. The software’s target audience is
students of secondary and higher education, but it can also be used by psychologists and
educators. The rationale behind the software is that the process of academic learning requires
support given its intrinsic difficulties (due to a deficit of learning competencies to a substantial
degree), while it also presents significant potential regarding personal development. This
software’s goals are the reduction and prevention of underachievement, support of students’
study, improvement of learning quality, and promotion of self-awareness and knowledge of
efficacious learning practices. Essentially, while avoiding a prescriptive method, the software
helps its users understand their learning mode, know alternative processes and their
corresponding results and modify and regulate their learning to improve its quality. The
software’s activities are based on the intervention techniques that have been suggested and
researched within the context of approaches to learning theory, which are referred to in “1 —
introduction”, and on other counselling techniques. As it is composed of relatively autonomous
parts, the software provides users with free and personalized “navigation”.
Specifically, the PAE v.1 is composed of a presentation, five modules and a profile sheet that
summarize the users’ personal results, which they can access. The presentation aims to
introduce the software to its users, consisting of an explanation of its previously presented
rationale, goals, method, target users, the manner of use and authorship. Each of the software’s
five modules presents information, examples and activities to the user, allowing him or her to
do the following: 1) to know different learning strategies; 2) to become aware of his or her
personal learning strategies; 3) to know how different learning strategies influence learning
results; 4) to learn how to modify those strategies; and 5) to learn how to regulate them. An
introduction to each module’s specific tasks follows.
Module 1 (“What are learning strategies?”) intends to introduce users to the notion of learning
strategies, succinctly tutoring them on what they consist of and how they are used. This module,
therefore, uses “theory-based reflection” (e.g., Entwistle et al., 1987), which involves
promoting knowledge of learning concepts based on theoretical knowledge.
Module 2 (“Characterization of my strategies”) aims to promote users’ awareness of their
personal learning strategies through their answers to an integrated questionnaire (consisting of
the scales on learning strategies referred to in the Measures and Measurement section) and the
visualization and interpretation of its results based on a detailed introduction to each strategy’s
characteristics. The module also allows users to view video testimonies of students on the
typical use of each learning strategy. This module, therefore, uses the “reflection based on
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inventories” technique (Beckwith, 1991) and the “self- and socio-reflection” technique (Gibbs,
1992), which attempts to promote students’ awareness of personal and alternative learning
patterns.
Module 3 (“Strategies’ influence on results”) is based on the “theory-based reflection”
technique (e.g., Entwistle et al., 1987) and allows users to experience how different learning
strategies influence learning results. The module has two activities that invite users to
memorize lists of words using surface and deep learning strategies, allowing users to
comparatively verify the efficacy of each.
Module 4 (“How to modify learning strategies”) starts with an optional activity in which users
apply and consolidate (through feedback) concepts acquired in previous modules, and it
involves users’ classification of testimonies on the use of different learning strategies. The
module then allows users to learn how to modify their personal strategies through personalized
counselling on the direction in which to modify those strategies (based on the results of the
questionnaire completed in module 2). This counselling is based on the notion that the use of
deep and achieving strategies tends to maximize the probability of achievement and better
quality of learning, which is contrary to the use of a surface approach that tends to minimize it.
Based on the notion that the deep strategy (“D”) tends to be more advantageous than the surface
strategy (“S”) with which it relates by opposition (i.e., the use of “D” tends to reduce the use
of “S”), the software considers the diverse patterns of these strategies’ results, associating them
with differential counselling and attempting to encourage the maintenance or increase of “D”
(acknowledging its effect on “S”) as much as possible, thus being as least intrusive as possible
(avoiding the encouragement to reduce “S”).
This counselling is provided by the software based on the following algorithm.
1. “S” scale result is higher than “D” scale result and:
1.1. High “S” (i.e., equal to or higher than 50% of the scale) and:
1.1.1. Sufficient “D” (i.e., equal to or higher than 40%) and the small difference
between “S” and “D” (i.e., less than 25% of the scale) – maintain “D”
1.1.2. Sufficient “D” (i.e., more than 40%) and large difference between “S” and “D”
(i.e., equal or higher than 25% of the scale) – attempt to moderately reduce “S” or
increase “D” or combine both of these alternatives by attempting to moderately reduce
“S” and increase “D”
1.1.3. Very insufficient “D” (i.e., equal to or less than 20% of the scale) – in a first
phase, attempt to maximize “S” (attempting to apply it in an efficient and organized
way until gaining confidence to be able to attempt “D”) – in a second phase (when
feeling more confident) attempt to increase “D”
1.1.4. Insufficient “D” (i.e., equal to or less than 40% of the scale) – increase “D”
1.2. Low “S” (i.e., less than 50% of the scale) and:
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1.2.1. Very insufficient “D” (i.e., equal to or less than 20% of the scale) – increase “D”
significantly
1.2.2. Insufficient “D” (i.e., equal to or less than “S” but higher than 20% of the scale)
– increase “D”
2. “D” scale result is equal to or higher than “S” scale result and:
2.1. Sufficient “D” (i.e., equal to or higher than 40% of the scale) – maintain “D”
2.3. Insufficient “D” (i.e., less than 40% of the scale but equal to or higher than 20% of
the scale) – increase “D”
2.4. Very insufficient “D” (i.e., less than 20% of the scale) – increase “D” significantly
3. In parallel, the counselling regarding the achieving strategy (“A”) only consider the
results for this strategy considering its independence relative to the other two strategies:
3.1. Sufficient “A” (i.e., equal to or higher than 40% of the scale) – maintain “A”
3.3. Insufficient “A” (i.e., less than 40% of the scale but equal to or higher than 20% of
the scale) – increase “A”
3.4. Very insufficient “A” (i.e., less than 20% of the scale) – increase “A” significantly
After the counselling, module 4 proceeds with introducing and providing examples on how to
plan modifications of strategies based on the phases of the self-regulation process, as
conceptualized by Bandura (1986) (i.e., self-observation; self-evaluation; self-determination of
consequences): decisions on a) which strategies to modify (increase, reduce, maintain); b)
which learning tasks implement those modifications; c) what to modify exactly; d) how to
register implemented changes; e) how to react to the eventual success of those changes; e) how
to react to the eventual failure of those changes; f) whom to inform about the plan and its
results. Module 4 concludes by inviting the user to rehearse a plan to change strategies based
on the self-instruction process, as suggested by Meichenbaum (1977) (i.e., self-orientation of
action based on an internal self-dialogue), and the empty chair technique suggested by Perls
(1969) (i.e., exploration of different personal dimensions by alternating seats between two
chairs facing each other).
Finally, module 5 (“How to regulate learning strategies”) allows users to learn how to regulate
learning strategies, considering that each of them can be more or less efficacious as a function
of the different learning task. The module involves introducing and providing examples of selfregulated learning competency, as conceptualized in the Self-Regulated Learning (SRL)
perspective (e.g., Boekaerts, 1997; Boekaerts & Corno, 2005; Pintrich, 2000; Zimmerman,
2000, 2002; Zimmerman & Moylan, 2009). This competency is therefore introduced in terms
of a three-phase sequence that involves operations specific to each phase: 1) a planning phase,
including (a) the definition of the task, b) the definition of interest in the task, c) the definition
of the task’s demand and goal, and d) planning resources and strategies; 2) a monitoring phase,
including (e) monitoring the efficacy of implemented strategies, f) monitoring goal attainment,
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and g) decisions on how to continue the task; and 3) an evaluation of the learning phase,
including h) evaluation of goal attainment, i) evaluation of strategies’ value, and j) a decision
on how to react to the learning result, such as moving forward to another learning task or
retroactively rectifying a previous phase to attain goals. Module 5 concludes by involving users
in the activity of self-regulated learning competency rehearsal that is also inspired by selfinstruction, as suggested by Meichenbaum (1977).
On a “profile sheet” that the users can access, a summary of their personal results is saved
containing the output of the questionnaire, personalized counselling and self-regulation phases.
The PAE v.1 was presented to each participant on a computer during three individual sessions
(1st session: presentation and modules 1, 2 and 3; 2nd session: module 4; 3rd session: module
5). Each session took about 60 minutes, and the use of the software was monitored by
performance observation (ease of use, difficulties, comments, and questions, among others) to
provide support for any technical difficulties and ensure the achievement of all of the
software’s tasks (based on a checklist).

2.5. Data Analysis
To compare the experimental and control groups’ use of the surface strategy, deep strategy and
achievement strategy before the intervention, a U Mann-Whitney test was applied, which
revealed that there were no significant differences between these groups in the first place. Thus,
as the null hypothesis could not be rejected, the control and experimental groups were
considered equivalent.
To test H1, H2 and H3, which predicted that the intervention would induce changes in learning
strategies and quality of learning, and considering the dimension of the sample, the Friedman’s
2-way ANOVA by ranks nonparametric test with 3 related samples was applied. All variables
were assessed at three-time points: before the intervention (pretest), after the intervention
(posttest) and at follow-up. This statistical test was applied to the data from both groups to
evaluate changes in users’ learning strategies, for which it was possible to constitute the
experimental and control groups. Wilcoxon’s signed rank test was performed for post-hoc
analysis. An evaluation of the difference between the experimental and the control group
regarding each of their learning strategy after the intervention was done through a U MannWhitney test.
In addition, to test H4, which predicted that the intervention induced individual variability in
changes within the sample, the efficacy of the intervention was verified for each individual
case (in the experimental group), compared to the measurements of individual dependent
variables before and after the intervention (analysis of instances of equal measures, increase
and decrease independent variables between evaluation time points).
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3. Results
First, considering the general results regarding learning strategies (H1), as shown in Table 1, it
was found that the use of the surface strategy in the experimental group was significantly
different at the three evaluation time points (χ²F (2)=10.53, p=.005). As expected, the use of
the surface strategy decreased significantly (p<.01) from pretest (Mdn=3.21) to posttest
(Mdn=3.00). It was also found that the use of the deep strategy in the experimental group
significantly differed at the three evaluation time points (χ²F (2)=8.76, p=.013), and as
expected, the use of the deep strategy increased significantly (p<.05) from pretest (Mdn=3.94)
to posttest (Mdn=4.13). The use of the achieving strategy in the experimental group also
significantly differed at the three evaluation time points (χ²F (2)=8.28, p=.016), but it was not
significantly higher at posttest (Mdn=4.21) than pretest (Mdn=3.71). Regarding the control
group the use of the surface strategy also significantly differed (χ²F (2)=7.37, p=.03) at the
three-time points. The use of the surface strategy at pretest (Mdn=3.00) decreased significantly
(p<.05) at posttest (Mdn=2.50), which was also the case in the experimental group. In contrast,
there were no differences in the use of the deep strategy by the control group at the three-time
points (χ²F (2)=1.57, p=.93): Mdn=3.69 at pretest and Mdn=3.94 at posttest. The use of the
achieving strategy also did not change significantly in the control group (χ²F (2)=1.12, p=.57):
Mdn=3.57 at pretest and Mdn=3.79 at posttest.
Nevertheless, there were no significant differences between the experimental and control group
at posttest in any of the learning strategies.
The general results from the experimental group regarding the quality of the learning product
across the three evaluation time points (H2) (Mdn=4.25 at pretest; Mdn=4.00 at posttest;
Mdn=4.00 at follow-up) indicated that the differences found at these three time points were not
statistically significant (χ²F (2)=1.44, p=.487). There were also no significant differences
between the experimental and control group at posttest.
Considering the general results regarding the maintenance of intervention-induced changes
(H3) (Table 1), pairwise comparisons to identify significant differences revealed the following
for the experimental group: the use of the surface strategy was not significantly different
between follow-up (Mdn=2.79) and posttest (Mdn=3.00), and it was significantly lower
(p<.01) at follow-up (Mdn=2.79) than at pretest (Mdn=3.21); the use of the deep strategy at
follow-up (Mdn=4.19) was not significantly different than at posttest (Mdn=4.13) and also not
significantly different than at pretest (Mdn=3.94); additionally, the use of the achieving
strategy was not significantly different at follow-up (Mdn=4.57) than at posttest (Mdn=4.21)
but was significantly higher (p<.05) at follow-up (Mdn=4.57) than at pretest (Mdn=3.71). In
addition, the quality of the learning product of the experimental group (Table 2) was not
significantly higher at follow-up (Mdn=4.25) than at pretest (Mdn=4.04).
Finally, considering the individual variability of intervention-induced changes within the
sample (H4) as stated, the results of each case receiving the intervention were compared and
contrasted with the dependent variable’s values before and after the intervention according to
a multiple case experiment methodology. In addition, for the cases in which improvement
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occurred, the pre-intervention results were compared with the follow-up results. Regarding the
surface strategy, comparing each case’s results before and after the intervention, it was verified
(Table 2) that the surface strategy decreased in 11 cases and increased in 3 cases. In comparing
the pre-intervention results with the follow-up results, for the cases in which the surface
strategy was decreased with the intervention, it was observed (Table 2) that the reduction was
maintained in all of them.
Concerning the deep strategy, in comparing the results for each case before and after the
intervention, it was confirmed (Table 2) that the deep strategy increased with the intervention
in 7 cases, remained unchanged in 6 cases and decreased in 1 case. In comparing the preintervention results and the follow-up results in cases in which the deep strategy increased, it
was observed (Table 2) that in 5 of these cases, the increase was maintained at follow-up, and
in 2 cases, it reverted to the pre-intervention level.
Regarding the achieving strategy, in addressing each case’s results before and after the
intervention, it was observed (Table 2) that the achieving strategy increased with the
intervention in 7 cases, decreased in 5 cases and did not change in 2 cases. In comparing the
pre-intervention results to the follow-up results in cases in which the achieving strategy
increased, it was detected (Table 2) that the increase was maintained in all of these cases.
In comparing each case’s quality of learning before and after the intervention, we observed
(Table 3) the following: quality of learning did not change after the intervention in 6 cases; it
slightly increased after the intervention in 5 cases, and it slightly decreased after the
intervention in 3 cases. In comparing the mean results before the intervention and at followup, for cases in which quality of learning increased, we detected (Table 3) that this increase
was maintained in 3 cases and slightly decreased in 2 cases.
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4. Discussion
The group’s results on learning strategies partly confirm H1, which predicted that the use of
the PAE v.1 would lead to a general reduction of surface learning strategy and a general
increase of deep and achieving learning strategies. The results confirm H1 regarding the deep
approach to learning, which significantly increased with the intervention in the experimental
group but not in the control group. Nevertheless, the results do not confirm H1 regarding the
surface and the achieving strategies: the surface strategy decreased significantly with the
intervention in the experimental group and the control group (although this reduction was more
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significant in the experimental group); the achieving strategy increased, but not significantly,
with the intervention in the experimental group. These results support the claim regarding the
modifiability of approaches to learning (e.g., Biggs & Rihn, 1984) and the possibility of a
computer-assisted intervention on approaches to learning (Bailey, Catchpole & Smart, 1997;
McCune, 1999; Somonides & Swanell, 1995; Tait & Entwistle, 1996). The results also suggest
that the intervention was successful at increasing the deep learning strategy, supporting the idea
that the use of the PAE v.1 might contribute to promoting a learning strategy through
comprehension, but it might be generally ineffective at increasing the achieving strategy and
reducing the surface strategy. This might mean that the participants were prompted by their use
of the PAE v.1 to increase their deep strategy while they were not as significantly incentivized
by their environment. In line with previous studies (e.g., Bran, 2014; Gibbs, 1992), an
alternative explanation is that participants’ awareness and self-regulation more easily act as
factors of deep learning than achieving learning, which might be more dependent on the
students’ values and their surface learning, which might be more dependent on their learning
context. During their first year of university, psychology students are exposed to basic learning
in this discipline (including the psychology of learning), which might be sufficient to reduce
their surface learning (due to the impossibility of rote memorization of this large quantity of
information) but not yet sufficient to increase their deep strategy (because this initial stage
emphasizes critical thinking comparatively less).
Despite these promising results, the general results on the quality of learning do not confirm
H2, which predicted that the use of PAE v.1 would lead to a general increase of quality of
learning (i.e., increase of structural complexity in learning products), indicating a tendency of
the intervention to have a neutral effect on this variable. This might be due to the use of an
overly condensed intervention in a reduced number of sessions, which might not have provided
the necessary time to effectively express the deep learning strategy’s possible benefits on
quality of learning. The same might explain the fact that the results related to the maintenance
of intervention-induced changes (i.e., increase of the deep strategy) do not confirm H3, which
predicted that these changes would be maintained in a follow-up observation. This condensed
intervention might be sufficient for the initiation but not stabilization of such changes.
Finally, the individual results confirm H4, which predicted individual variability of
intervention-induced changes within the sample. The results on learning strategies show that
in the majority of cases, the intervention led to a stable reduction of the surface strategy and
that in half of the cases led to an increase of the deep and achieving strategies. This suggests a
relevant positive impact of the use of the PAE v.1, although the possible parallel influence of
other factors (e.g., maturation; personal history) cannot be disregarded. Moreover, there were
some cases that did not conform to the referred pattern, revealing that for them, the intervention
was followed by an increase of the surface strategy or maintenance or reduction of the deep
and achieving strategies. This probably reveals that the intervention might have been
insufficient for some individuals, reinforcing the hypothesis that the effect of this intervention,
as with other kinds of interventions, still depends on the interaction between individual
characteristics and the intervention proposed.
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Therefore, in general group terms, the intervention illustrates its efficacy at promoting the deep
learning strategy and, in some cases, at also reducing the surface strategy and increasing the
achieving strategy, suggesting that the PAE v.1 is a useful resource to achieve its aims related
to the study sample. Nevertheless, the fact that the intervention did not demonstrate the
expected impact on a few participants’ learning strategies and had no impact on participants’
quality of learning suggests that this particular and intensive use of the PAE v.1 (such as the
one tested her) was probably insufficient for achieving a wide range of changes in all
individuals and their learning products.
Based on the results, the above interpretations must be contextualized with the small number
of cases that participated in this exploratory study, which limits the ability to generalize these
results, and with the self-report measures of learning strategies. We find that it is necessary to
implement further a similar study with a broader sample that may be representative of the
population to which the PAE v.1 is oriented, and which allow power in application of statistical
analyses overriding the possible contribution of other confounding variables to a treatment
effect. Moreover, such a study could include a complimentary assessment of learning strategies
through direct observation.
Finally, there is a need to test a more personalized, prolonged and recurrent use of the PAE v.1
within broader temporal contexts, both in the framework of students’ personal lives and in
terms of the psycho-educational support that educational institutions might provide.
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