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Several studies have applied the dichotomy of deep and surface approaches to learning in a range of disci-
plinary contexts. Existing questionnaires have largely assumed the existence of these constructs; however,
in a recent study Case and Marshall (2004) described two additional context-specific approaches to learning
in engineering. The current study examines approaches to learning in a similar, but not identical educational
context. Academically successful students adopted either a conceptual deep approach or a procedural deep
approach, whereas their less academically successful peers resorted to a procedural surface approach. This
study confirms constructs identified by Case and Marshall (2004); however, a much larger student sample
would be necessary to generalise current findings. Issues of diversity in the student population are outlined
and measures suggested that might help increase the prevalence of deep approaches to learning.

Keywords: high achievers; low achievers, self-regulation; self-efficacy

1. Introduction

The concepts of deep and surface approaches to learning have been widely used in the domain of
higher education and can be traced back to research carried out in Sweden in the 1970s (Marton
and Säljö 1976). Scholars regularly use this terminology as part of a conceptual framework aimed
at educational interventions (Ramsden 2003, Biggs and Tang 2007). The starting point for this
empirically based research has been described as: ‘the simplest observations that can be made
about learning, namely that some people are better at learning than others’ (Marton 1994). The
application of a naturalistic setting approximating a real learning situation sets this study apart from
dominant methodologies in contemporary educational psychology, as does its research focus on
participants’ interpretations of the situation rather than on perceptions made by external observers.
Based on accounts of how participants had understood a given text, ‘a limited number of different
ways of understanding what the text was about could be identified’ (Marton 1994). While some
students were trying to understand what the text was about, others focused on recall of the text
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2 V. Gynnild and D. Myrhaug

Table 1. Approaches to learning as presented by Case and Marshall (2004, p. 613)

Intention

Strategy Passing the test Understanding
Memorisation Surface approach
Problem-solving Procedural surface approach Procedural deep approach
Concepts Conceptual deep approach

with memorisation as the dominant strategy. Researchers attributed this to differential approaches
to learning (Marton 1994).

This study addresses learning in a particular course in science and engineering and the theo-
retical framework was identified in a study of student learning in engineering education (Case
and Marshall 2004). Here, sub-categories emerged as additions to the classic deep and surface
approaches identified in the 1970s (Marton and Säljö 1976). New approaches associated with
engineering education were the procedural deep approach and the procedural surface approach
respectively: ‘Both of these approaches have as their core strategy a focus on the solving of
problems, but the procedural deep approach also involves an intention to understand, while the
algorithmic [procedural surface] does not’ (Case and Marshall 2004, p. 605). These terms relate
to strategy and intention in unique ways, as shown in Table 1 (Case and Marshall 2004, p. 613).
In the procedural deep approach, problem solving is the preferred strategy, while a conceptual
deep approach focuses on understanding.

This article begins by exploring whether these more nuanced approaches to learning are sup-
ported by evidence from a case study in Oceanography at the subject University. Although
approaches to learning may be partially explained by students’ experience, it is also assumed
that students’ perceptions of the course are also an important determinant (Case and Marshall
2004). Approaches to learning have therefore been seen as relational, emerging in the interface
between the student and the learning environment. This has motivated numerous attempts to
modify contexts in order to make them more productive in terms of learning outcomes. Evidence
still suggests that enabling such changes is not entirely straightforward (Case and Marshall 2009,
p. 17). A major challenge is that students react differently to identical, or close to identical, edu-
cational environments. Unfortunately, the descriptive nature of most of the research literature on
approaches to learning does not provide much evidence of why students perceive tasks differently.
This is why features of students are examined as well as aspects of the academic environment.

2. Context and research questions

This study explores approaches to learning and corresponding strategies in a class of 19 students
in the Department of Marine Technology at the subject University. Students came from a range
of countries. Teaching and assessment was in English, which was not the native language of any
of the students enrolled in the module under scrutiny.

Oceanography is an elective course in the third/fourth year of the Master of Science programme,
with an estimated workload of 7.5 credits from a total of 60 credits annually. The overall aim of
Oceanography was to help students understand the physical phenomena involved in the interaction
between the Earth’s atmosphere and oceans. The course structure consisted of three parts: wind,
waves and currents, each of which was fully covered in the textbook as well as in lectures and
three hours of weekly exercises. Students enrolled in engineering programmes typically align
their learning to speculative interpretations of possible exam questions. In this course, however,
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European Journal of Engineering Education 3

exercises were designed to foster specific learning outcomes and students were encouraged to
approach the student assistant and/or the professor at any time to maximise their learning.

Grading of students featured two ×20 minute oral exams, a mid-term and a final, accounting for
30 and 70% of the marks, respectively, and the candidates were questioned individually for about
20 minutes. The inclusion of an external examiner is mandatory in oral exams in Norway and
scores were assigned holistically for each candidate by the professor and the external examiner.
The study asks three questions:

• Does the data confirm the existence of the two additional approaches to learning in engineering,
as identified by Case and Marshall (2004)?

• Does the data confirm the assumptions of social cognitive theory as to why students react
differentially to the given course design in Oceanography?

• What are the practical implications of the study for overcoming counterproductive approaches
to learning in Oceanography?

3. Methodology

A case study is an appropriate mode of inquiry for the investigation of contemporary phenomena
within real life contexts, such as higher education. Case studies are often the preferred strategy
when ‘how’ and ‘why’ questions are being posed, due to their use of evidence from observation
and/or systematic interviewing (Yin 1994). In this study, observational evidence of academic
achievement was obtained through two sets of oral exams, in which each candidate was assigned
scores ranging from 0 to 100. The first set accounted for 30% of the total mark and the second set
for 70%. In both exams, the professor and the external examiner assigned scores to each student
independently of each other. An average of the two scores provided the individual’s grade. In
the event of a gap of more than 10% in the assigned scores, a meeting was set up to clarify the
reasons for the discrepancy. Finally, all students participated in 20-minute research interviews
shortly after each of the exams. They were notified of their right to withdraw at any time, but all
candidates opted to contribute.

The research team consisted of the professor, the PhD student running tutorials and an exter-
nal researcher. The team jointly designed the case study; however, the three assumed different
roles throughout the study. The professor and the PhD student took on lecturing and tutorial
responsibilities, while the external researcher led the interviews.

Examination formats may or may not favour individual students. Oral exams are relatively
rare in higher education and inexperienced students may feel anxious. It is also important to
differentiate between two qualities that can be measured using this format, namely, ‘the student’s
command of the oral medium itself, i.e. the student’s oral skills of communication in general
or language skills in particular; and the student’s command of content as demonstrated through
the oral medium’ (Joughin 1998, p. 367). The object of assessment in Oceanography was not to
measure oral ability as such, but to test ‘cognitive knowledge, understanding, thinking processes,
and capacity to communicate in relation to these’ (Joughin 1998, p. 368). English was not the
first language of any of the students; however, they all had a good command of the language,
and none appeared to underperform due to limited language skills, nor did this issue surface in
the data. In contrast to written exams, oral assessment enables interactivity between the parties
and enables the examiner to probe knowledge and reasoning in more depth. The examiner could
therefore gauge the strengths and weaknesses of students’ performances. These insights were
analysed along with material from the subsequent interviews.

The semi-structured interviews initially featured a core set of questions based on the Revised
Study Process Questionnaire (see Biggs et al. 2001, p. 148). This has two main scales, deep
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4 V. Gynnild and D. Myrhaug

approach and surface approach, and four subscales, deep motive, deep strategy, surface motive and
surface strategy. Items in the main scales were included in each interview along with questions of
an open-ended, exploratory nature, rooted in propositions pertinent to engineering students (Case
and Marshall 2004).The informal nature of the interviews encouraged students to explore their own
mind-sets and study practices. In this way, students served as informants as well as respondents,
providing opportunities for the research team to examine diverse mind-sets, to pursue issues in
depth and to identify nuances in approaches. All interviews took place on campus, after which
they were audio recorded and transcribed verbatim for research purposes. Core questions asked
were:

(1) What were you trying to achieve during your studies in Oceanography?
(2) Do you feel that studying this course gave you a deep personal satisfaction?
(3) To what extent did you restrict yourself to what was specifically set to reduce extra work?
(4) To what extent did you make use of suggested readings before and during tutorials?
(5) Can you elaborate on your use of exercises and tutorials? What was your approach?
(6) To what extent and how did you make use of the suggested solutions for the exercises?
(7) To what extent did you approach assignments solely with the intent of getting the right

answers?
(8) To what extent did you make an effort to study topics in depth in Oceanography?
(9) To what extent would you say your aim was to pass the course with as little work as possible?

(10) Have you been working alone or together with peers in the Oceanography course?

These were the key questions asked to all students in order to ensure analytical validity. Herein,
the authors drew on a rich literature based on the approaches to learning perspective, including
validated survey instruments of the well-known categories surface and deep approaches to learn-
ing. As it was not possible to ask each student the entire set of questions from any prior survey, an
effort was made to ensure that issues pertinent to both ‘deep’ and ‘surface’ approaches to learning
were addressed to elicit basic study orientation.As the conversations progressed, candidates added
narratives of learning experiences based on individual interests and priorities. Students were also
asked in detail about their use of literature and weekly exercises (assignments). The interviews
related directly to a natural setting, which it is believed also ensured a high degree of ecological
validity of the study.

A common concern about case studies is typically the insufficient evidence for scientific gener-
alisation, especially when single cases are used. Hence, a distinction is made between ‘analytical
generalisation’ and ‘statistical generalisation’, each of which refers to a different reality. The pur-
pose is not to make inferences about the student population as such, but to compare empirical
findings with previously published theory.

A fatal flaw in doing case studies is to conceive of statistical generalization as the method of generalizing the results
of the case. This is because cases are not ‘sampling units’ and should not be chosen for this reason. Rather, individual
case studies are to be selected as a laboratory investigator selects the topic of a new experiment. Multiple cases [. . .]
should be considered like multiple experiments (or multiple surveys). Under these circumstances, the method of
generalization is ‘analytic generalization’, in which a previously developed theory is used as a template with which
to compare the empirical results of the case study. (Yin 1994, p. 31)

There is evidence to support the claim that students approach learning differentially. However,
this study challenges the notion that engineering students may fall into subcategories, such as
procedural deep approach and conceptual deep approach to learning. The students were assigned
to one of two categories, as high achievers and low achievers, based on their course grades. The As
and Bs were classified as high achievers, whereas those who received the poorer grades D, E or F
were classified as low achievers. Observational data and interview transcripts for the two categories
of students were then analysed, in search of distinctive approaches to learning associated with
each particular grade level. Selected quotes in the paper illustrate typical statements of students
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European Journal of Engineering Education 5

within each performance category. Alternatively, quotes from several or all students within a
category could have been incorporated to illustrate variations in wording and sentence structure.
The intention, however, was to capture key features of current approaches to learning. What is
unique here is the identification of approaches to learning in an engineering context, potentially
guiding interventions to promote learning.

4. Quantitative data analysis

In some countries, the majority of graduate students typically expect to receive superior grades (A
and B). However, at the subject University the letter grade C denotes an average performance and
the whole range of grades is used both at graduate and undergraduate level. The spread in grades
therefore reflects the profile of achievement in the course. Assigned marks ranging from 1 to 100
were first converted into letter grades and later converted into numbers for statistical purposes, as
follows: A = 1; B = 2; C = 3; D = 4; E = 4 and F = 6. Table 2 portrays the conversion scale
and number of candidates for each grade.

Table 3 exhibits average scores for mid-term, final exam, final score and awarded grade. As
seen in Table 3, average scores are higher at the end-of-term exam compared with the mid-term
grade, which reduces the average final score. For all candidates, the effect of the mid-term exam
on the final score is the difference between the average exam score and the average mid-term
score, which is (74.03 − 72.66) = 1.37. Standard deviation is almost identical for both exams,
indicating that the spread of scores is about the same in both. Table 4 shows the candidates’
average scores in Oceanography, for all courses in 2007 (with SD 07). This demonstrates that, on
average, high achievers in Oceanography outperformed their peers in all other courses, in 2007.

Table 2. Conversion scale and number of candidates for each grade

Percentage points 90–100 80–89 60–79 50–59 40–49 0–39

Grade A (6) B (5) C (3) D (1) E (3) F (1)

Table 3. Average scores for mid-term, end-term and final score for 19 students

Final Effect of mid-term in Numerical
Affiliation Number Mid-term Exam score per cent grade

All candidates 19 70.00 74.03 72.66 −1.37 2.63

Table 4. Average numerical grades compared with course portfolio of 2007 and entire study

Categories Oceanography Average 2007 SD 07

All 19 students 2.63 2.58 0.79
High achievers (A & B; n=11) 1.45 2.15 0.48
Low achievers (D, E & F; n=5) 5.00 3.44 0.77
A (6) 1 1.84 0.17
B (5) 2 2.52 0.48
C (3) 3 2.71 0.62
D (1) 4 3.50 –
E (3) 5 3.19 0.92
F (1) 6 4.13 –
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6 V. Gynnild and D. Myrhaug

Table 5. Correlation between grades in Oceanography and other courses

Candidates All courses in 2007

All candidates (n=19) 0.76
Grades A & B in Oceanography (n=11) 0.74
Grades D, E & F in Oceanography (n=5) 0.29

On average, the students in Oceanography achieved a slightly poorer grade compared with the
average for 2007 (see Table 4). On average, students receiving an A in Oceanography did not get
the same grade in their other courses in 2007, but the As achieved the best average grade in 2007.
The same pattern was found for the grades B, C and E. The only exceptions were candidates with
D and F. As seen in Table 4, there was only one candidate in each of these categories and neither
conformed to the pattern otherwise observed.

Average scores mask possible variations in other course grades. Therefore, correlations were
examined between grades in Oceanography and average grades in 2007 (see Table 5). Students
with the poorest grades (D, E and F) in Oceanography appeared to have low correlation for all
other courses in 2007 (0.29). This indicates that, for low achievers, poor grades in Oceanography
do not accurately predict performance on other courses; however, the picture for those awarded
A or B is different (correlation 0.74; 2007).

5. Qualitative data analysis

This section analyses evidence from the interview transcripts to determine the approaches to
learning of high and low achievers, keeping Bandura’s (1986) distinction between efficacy expec-
tations and outcome expectations in mind. This distinction may explain the lower correlation
of performance across the disciplines among low achievers. In the interview sessions, students
elaborated on their approaches to learning. Some representative statements for each category are
quoted in order to enhance the internal validity of the study. The purpose is to first find possible
causal relationships between approaches to learning and learning outcomes.

High achievers typically expressed a desire to pursue deep learning, as illustrated by these two
statements:

I am trying to acquire an understanding of course content instead of just remembering. Sometimes I am running
short of time in order to achieve a complete understanding, but this is always my intention. (S7)

My understanding lasts longer. Just remembering may work out for the exam, but not for the future. (S9)

While good grades were important to high achievers, good grades were not their primary
objective. High achievers also exhibited commitment and persistence:

I am trying to understand. That is the most important, and in addition to get a decent grade. (S3)

If it’s a formula I don’t understand, then I try until the last minute. Then if I really cannot understand, I try just to
learn by heart, but memorising is not my best ability. (S17)

For me mathematics is part of the physics. We are quite strict with the mathematics. The point is to understand the
physics and the behaviour of the water. Sometimes with only one page of lecture notes, I spend two hours on it—just
to read it. I have to understand the goal where we are going to. (S12)

Low achievers (D, E and F) expressed their intention to understand, while practising skills
associated with shallow or surface learning; their words and actions persistently diverged. It is
speculated that these students failed to grasp what is required to understand complex phenomena.
Alternatively, heavy workloads and the need to attend numerous classes might hinder some from
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European Journal of Engineering Education 7

fully committing themselves to learning tasks and progressing in the desired direction. Students
may give the impression of understanding simply to meet course requirements:

I understand all the basic principles; however, I am not always capable of remembering the formulae. When the
professor inquired about it, my mind just got blocked. I understand the physical principles, but when it comes to the
mathematical reasoning, I am having a hard time. (S1)

While high achievers focused on theory and relationships, low achievers frequently resorted to
recall strategies and failed to connect symbolic descriptions and physical phenomena, as expressed
by this student: ‘If you do the exercises, it’s a lot of calculation. You can just do them without
thinking, because it’s just math’ (S11). A deeper analysis of interview transcripts revealed a
significant disconnection of theory from real-world phenomena for this category. Low achieving
students rarely exhibited metacognitive skills for assessing their learning, as demonstrated by this
student: ‘I was a little bit shocked when I realised I got so few questions about “understanding”.
It was a kind of understanding based on the equations’ (S10).

While the majority of students acknowledged the significance of understanding, low achievers
typically failed to realise that certain strategies lead to understanding, while others might lead to the
appearance of it. Students practising a procedural surface approach searched for the right formulae
but did not pursue any deeper understanding of underlying concepts. The procedural surface
approach and the procedural deep approach share a common strategy but different intentionality
(Case and Marshall 2004). It appears that students receiving the poorest grades (D, E and F)
expressed an intention to understand. These statements of intent are not, however, matched by
corresponding learning strategies, as illustrated by the following quote: ‘First, I am reading what I
assume is essential, after which I do the exercises, and finally I am looking for the correct answers
in the compendium’ (S1). One student elaborates on his strategy:

R: When you talk about ‘doing the exercises’, does that mean that you are trying to figure out what the exercise is
about, or does it mean that you are trying to reach the right solution?

S4: I am trying to solve the exercise.

R: To what extent do you make attempts to understand what the exercise is all about?

S4: I should have done more of that. Actually, when I am doing the exercise, I am very determined to get to the right
solution.

Students with the best grades exhibited behaviours associated with a conceptual deep approach,
as illustrated by a quote from an academically successful student: ‘The recipe for getting an A
is to understand the mathematics behind the physics. If you forget the physical result, you can
think about the mathematics, and you get it in no time’ (S12). This student attended to details in
a way that suggested poor learning. Other researchers have made the same observation in similar
settings, indicating that, in science, a focus on details is necessary for understanding (Ramsden
1988). A typical quote is the following:

I am very slow when I read the lecture notes. Sometimes with only one page of lecture notes, which corresponds to
one hour of lecture, I spend two hours on it – just to read it. I have to understand the goal, where we are going to.
(S12)

All students achieving a B grade explicitly stated an intention to understand the course content.
Except for one (S13), however, their strategies focused on problem solving and, to a lesser extent,
reading theory in advance: ‘I was going through the exercises and the solutions and was trying to
see what the physics was behind the equations’ (S16). Students in the B category claimed that they
tried to read the textbook as well, but also admitted to lacking persistence: ‘I am trying to read the
textbook, and then I looked at the exercises’ (S16). According to the interviews, the published set
of solutions was used only when students got stuck. Compared to low-achieving students, high
achievers utilised self-regulatory skills to monitor cognitive development and nurture cognitive
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8 V. Gynnild and D. Myrhaug

growth. Metacognitive skills associated with self-evaluation enabled them to check on the quality
of their learning and to take appropriate action to attain the required standards: ‘Basically, I
know if I understand or not. I have experienced that the things I know turn out to be fairly easy
to handle at exams’ (S7). Conversely, low achievers failed to implement measures to improve
learning, using words such as feel, think, believe, hope, or guess: ‘I had the feeling that I knew it’
(S11). These words of expectation divert attention from the self and attribute one’s misfortune to
external circumstances, such as time pressures. Conversely, words of intention empower students
in realising their intentions. Typical phrases in this category are: ‘I decide, I can, I choose to,
today, I am responsible, I commit’ (Britten 2004, p. 60).

Low achievers frequently blamed others for their own misfortunes, as illustrated in the following
quote: ‘I wanted to approach the Learning Assistant the week before the exam, but then we were
on an excursion. I think that Tuesdays are a bit difficult for me’ (S11). There is research indicating
that group work may be effective in counteracting such self-deceptive strategies (Gordon and
Debus 2002). The present data, however, do not support this as a general claim, as seen in this
exchange (A-student):

R: Have you been studying completely on your own or together with someone?

S17: Completely on my own.

R: You still felt confident about what you were doing?

S17: Yes, quite confident.

High-achieving students were typically confident about individual learning, presumably
because they found it effective, although they sometimes attended learning groups whose purpose
was to share intentions and increase understanding:

If I am working with others in a group setting, it is so easy to get distracted and get out of focus. For example, I
did not perform well in calculus, which I think was because the group just proceeded even though I did not really
understand everything. I did not learn much, and I never did this again. I am committed to working on my own, and
I do not proceed until my understanding is complete. (S13)

The careful analysis of all interview transcripts confirms findings of intermediate learning
approaches in engineering education contexts (Case and Marshall 2004). High-performing stu-
dents without exception adopt either the conceptual deep approach (6As and 1B) or the procedural
deep approach (4Bs). While students focusing on understanding share common intentions, their
strategies diverge. According to Case and Marshall, the same principle applies to the ‘passing the
test’ category, yet the present study identified only one candidate here.

In self-regulated learning, which it is argued involves self-knowledge of its effectiveness,
students relate to their tasks in particular ways and researchers have argued that this mode of
learning requires the activation of metacognitive skills such as self-monitoring and self-evaluation
(McCombs 1986). Successful students were highly self-driven and displayed more perseverance
than their academically less successful displayed. Compare the following quotes below (S12 and
S17 versus S11):

• ‘I have to understand the goal, where we are going to’ (S12).
• ‘If it’s a formula I don’t understand, then I try until the last minute’ (S17).
• ‘You can just do [the exercises] without thinking, because it’s just math’ (S11).

The early literature on cognition (Duval and Wicklund 1972) explains this by assuming that the
inward focus of attention as a metacognitive strategy causes a person to compare own behaviour to
explicit standards relevant to the context. Such techniques exemplify the self-reflective dialogues
of academically successful students.Any discrepancy between the self and the standard regulating
the behaviour might induce action to conform more closely to the standard. A closed feedback
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European Journal of Engineering Education 9

loop enables comparison of one’s own performance with that of an internalised ‘comparator’
or reference standard (Scheier and Carver 1982). Challenges may arise if a student has never
experienced deep learning. The ‘comparator’ would then be either non-existent or too vague,
possibly disrupting the internal feedback loop.

All five students in the low-performer category attributed their low grades, at least partially,
to aspects of the assessment system. They asserted that their performances did not accurately
reflect their knowledge and skills and that a written exam would have led to significantly
higher grades. Such statements are hard to prove, but still cannot be discounted. For some
low-performing students, anxiety and fear of authority figures played a role. Excessive respect
made one student eager to please, rather than trust his/her ability to think and reason: ‘I have
good relations with you [the professor] and I don’t want to disappoint you. When you asked
about the formulae, it took my stress more up. I think that I must not make him disappointed. I
should give him what he wants’ (S15). This observation is consistent with studies relating low
self-esteem and lack of self-confidence to low achievement (Kagan and Fasan 1988). Any per-
formance is assumed to be harmed by anxiety rooted in low self-esteem, rather than by the low
self-esteem itself.

Bandura’s (1977) paper launched a theory of behavioural change, based on the notion of self-
perceptions of capability (Pajares 2002), where personal beliefs are essential to achievement: ‘It
is hypothesized that expectations of personal efficacy determine whether coping behaviour will
be initiated, how much effort will be expended, and how long it will be sustained in the face of
obstacles and aversive experiences’(Bandura 1977). The distinction between efficacy expectations
and outcome expectations is central. A student may be aware that a certain course of action will
produce a desired outcome, but he/she may not pursue it if failure is likely (Bandura 1977).

According to Bandura’s social cognitive theory, individuals possess a self-system encompassing
cognitive and affective structures enabling self-regulated learning. This implies the ability to self-
monitor progress and attainment and take action as required to meet academic standards (English
et al. 2004). The existence of self-regulatory skills implies that individuals have the capability
to alter their thinking in ways that may affect the learning context. Students are therefore both
products and producers of their own environments and social systems (Pajares 1996). Individuals
tend to avoid situations in which they feel incompetent in favour of those in which they feel
competent (Pajares 1996). Compared with other self-expectancy constructs, self-efficacy is more
specific. It refers to the capability to cope with specific challenges within a given domain.

Self-efficacy differs from de-contextualised expectancy constructs in that it is task specific, e.g.
a student may be quite confident in writing essays in English literature, but not at all confident in
coping with calculus exams. For individuals to accurately predict their academic achievement in
a specific content area, they require self-efficacy assessments that correspond with actual tasks
(Pajares 1996). Once acquired, self-regulatory skills are beneficial across disciplines (Pajares
2002), which supports the notion that high achievers in one area may also perform well in
other areas.

These data offer some support to social cognitive theory in the sense that the level and strength
of a student’s self-efficacy determines the level of effort expended. They tend to avoid engaging in
tasks where their self-efficacy is low and generally undertake tasks where their self-efficacy is high
(Bandura 1986). The stronger the perceived self-efficacy, the more vigorously students approach
their learning tasks. Self-efficacy perceptions are claimed to be critical for successes and failures
through their impact on thought patterns and emotional reactions (Pajares 2002). While students
with low perceived self-efficacy tend to think that tasks are harder than they really are, students
with strong self-efficacy are more often encouraged by obstacles (Bandura 1986). In this study,
academically less successful candidates exhibit a causal thinking that is markedly different from
their high-achieving peers, e.g. by blaming external conditions for their misfortune. Conversely,
high achievers approach tasks far more confidently.
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10 V. Gynnild and D. Myrhaug

6. Discussion

Approaches to learning identified here, and in previous research by Case and Marshall (2004),
bear similarities to constructs suggested by Biggs et al. (2001). Biggs’ first Study Process Ques-
tionnaire featured three dimensions (surface, deep and achieving); however, the revised two-factor
questionnaire only assesses deep and surface approaches (2001, p. 133). Each of these consists
of both a motive and a strategy. What is common is the deep-surface dichotomy, each of which
is defined by motive and related strategy. Case and Marshall’s contribution was to introduce two
further approaches between the ‘pure’ deep and surface approaches (the procedural deep and the
procedural surface). Both focus on problem solving, but for different purposes. The former is at
heart a deep approach (aiming at understanding), while the latter is a surface approach (aiming at
reproduction).

While on entry to the course, all students proclaimed their commitment to a deep approach,
reality indicated otherwise. Low achievers soon resorted to strategies arguably detrimental to
achieving learning objectives. Instead of pursuing opportunities inherent in assignments, low
achievers adopted sub-optimal strategies aimed at producing the correct solutions.

Performance levels as measured by grades indicate achievement patterns across the range of
courses in the same year.Academically successful students in Oceanography also received the best
average grade in other courses, and vice versa. However, while grades for high achievers emerge
as valid performance predictors in parallel courses, the opposite is the case for low achievers.
One speculation would be that less academically successful students are more selective in their
priorities, potentially expending the largest effort where the prospects of success are greatest. Yet
differences in ability cannot be excluded, one can look at ways in which the academic environment
can promote learning.

According to social cognitive theory, mastery reduces defensive behaviour and increases indi-
viduals’ ability to cope with threatening situations. Enhanced self-efficacy generalises to other
situations, while those convinced of their inefficacy ‘are inclined to act in ineffectual ways that, in
fact, generate confirmatory behavioural evidence of inability’ (Bandura 1986, p. 400). Behaviour
may be better predicted by own beliefs about capabilities than by what one is capable of accom-
plishing (Pajares 2002). It is assumed that beliefs help students determine what they do with
their knowledge and skills: ‘academic crises are crises of self-confidence’ (Pajares 2002). The
notion is that humans possess a self-system that enables them to exercise control over thoughts,
feelings and actions through cognitive and affective structures interplaying with the environment
(Pajares 2002). In theory, students should therefore be able to create their own unique learning
environments and be able to exercise control over their destinies.

In this study, the major factors influencing the success of high-achieving students appear to
be persistence and commitment. High performers can adequately assess the requirements of the
task. Conversely, low performers often exhibit a reductionist perception of the learning task, which
triggers the adoption of inadequate learning strategies. Awareness of the learning task ‘is not seen
in terms of the dichotomy aware/unaware or conscious/subconscious, but as being characterised
by an infinitely differentiated figure-ground structure’ (Marton 1994). Certain aspects of a phe-
nomenon are in the foreground while others remain in the background. Low-achieving students
seem less capable of focusing on essential task features compared with their peers.

What would be the practcal implications to enhance students’ learning? Learning represents an
interaction between ‘existing knowledge and new ideas or information’ (Hewson 1981, p. 385).
This means that ‘in addition to presenting the desired conception, the teacher needs to address
the alternative conceptions held by students’ (Hewson 1981, p. 395). Initial meanings may often
be limited or distorted, but humans possess the capacity to change when existing meanings are
challenged by new ideas (Dee Fink 2003). The construction and selection of tasks is seen a
unique opportunity to guide students in ways that may encourage them to pursue productive
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learning. This study therefore also raises questions related to course design and assessment in the
course.

Engineering education in the German–Scandinavian tradition features three major ingredients:
lectures, tutorials and readings. Teaching in this case adhered to this model, with the professor
covering the curriculum in traditional lectures, appreciated by students with no evidence of any-
thing missing. However, only academically successful students were able to cope with conceptual
questions at exams and one might wonder if there is a mismatch between objectives, teaching and
assignments.

Current learning objectives did indeed address conceptual as well as procedural knowledge.
In questions posed in tutorials, a diverse reality is uncovered as calculations are favoured over
conceptual issues in ways in which questions are phrased and correct answers form the basis
for approval of student submissions. Ideally, one would assume conceptual insights on the way
and one might wonder if conceptual learning is under-emphasised and that measures need to be
put in place to address this more thoroughly. Conceptual learning is a field in its own right and
students need to appreciate this to make appropriate commitments. However, anecdotal evidence
suggests that procedural surface approaches are widespread in engineering education. This adds
to the somewhat depressing finding that undergraduate students in general become increasingly
surface in their orientation to learning (Biggs et al. 2001). There are exceptions, but the trend is
clear, which is of course a concern for those who would like to see the situation changed.

Several researchers argue that variations inherent in learning situations are critical to outcomes
(Marton and Morris 2002, Marton and Tsui 2004). The selection of a broader range of tasks
throughout the course might be one way to familiarise learners with the realities of objectives and
to help them build confidence in the application of appropriate learning strategies. Some would
even argue that there is a need for a radical overhaul of how engineering is taught by moving
away from memorisation strategies by questioning students’ observations and their ability to see
connections between natural phenomena, which are at the heart of deep learning. This might
include alternative representations of numerical answers, for example, in a graph; being able
to explain various components in formulae by own words; providing qualitative accounts of
numerical answers, or requesting a discussion as for the choice of methodology to solve particular
engineering problems.

Yet another challenge is to take into account the range of individual differences and diverse
cultural and educational backgrounds represented in higher education today. In this study, the
internationalisation of the student population has increased dramatically over recent years, yet
teaching methods and support structures have remained stable.

Student diversity can be described in several different ways, such as disciplinary preparedness,
academic language, social class, ethnicity, age and gender. The students differ in their levels of
preparedness in two different ways. First, in terms of prior courses and previous educational
experiences and, second, in terms of the ‘cultural capital’, including socialisation processes and
degree of familiarity with the discipline. While disciplinary preparedness in previous mono-
cultural environments was not an issue, the situation now is complex and challenging. Systematic
redesign of learning materials that acknowledge variations in prior learning is not on the agenda
at the subject University and a likely price to be paid is the expansion of surface learning
strategies.

Social cognitive theory also helps to understand why students vary in perceptions of the learning
environment by introducing self-belief as a perception filter through which behaviour is mediated.
A major challenge for students is to overcome counterproductive strategies and to become self-
reliant and self-regulated, trusting in their mastery beliefs. According to social cognitive theory,
mastery experience is the best way of strengthening self-beliefs, quickly yielding benefits in terms
of improved learning. Theoretically, the greater spread in grades in previous courses among the
academically less successful may be rooted in such beliefs as students become more selective in
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12 V. Gynnild and D. Myrhaug

their commitments. This study cannot support this claim, but the issue is still of interest in future
research.

7. Concluding remarks

In this study, low-performing students tend to attribute poor performances to extraneous factors,
such as teaching and/or assessment formats, while high performers persistently benefit from
self-monitoring and self-regulating strategies. While the dichotomy between the original deep
and surface approaches to learning is generally accepted, this study confirms the existence of two
further approaches in engineering education, which are seen to sit between ‘pure’deep and surface
approaches to learning. This means that identical materials are utilised for different purposes.
While the procedural deep approach is aimed at understanding, the procedural surface approach
is aimed at reproduction. This description of the empirical opens a space of interpretation and
potential remedial action. One of the apparent challenges is the increasing range of individual
differences seen in the student population in recent years, prompting instructors to reconsider
current practices. This might include greater sophistication in course design, acknowledging
variations in prior learning and thus helping students to greater success at all levels.
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