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Using Computer Technology to Foster Learning for Understanding
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The literature shows that students typically use either a surface approach to learning, in which the emphasis is on
memorization of facts, or a deep approach to learning, in which learning for understanding is the primary focus.
This paper describes how computer technology, specifically the use of a multimedia CD-ROM, was integrated into a
microbiology curriculum as part of the transition from focusing on facts to fostering learning for understanding.
Evaluation of the changes in approaches to learning over the course of the term showed a statistically significant
shift in a deep approach to learning, as measured by the Study Process Questionnaire.  Additional data collected
showed that the use of computer technology supported this shift by providing students with the opportunity to apply
what they had learned in class to order tests and interpret the test results in relation to specific patient-focused case
studies.  The extent of the impact, however, varied among different groups of students in the class.  For example,
students who were recent high school graduates did not show a statistically significant increase in deep learning
scores over the course of the term and did not perform as well in the course.  The results also showed that a surface
approach to learning was an important aspect of learning for understanding, although only those students who were
able to combine a surface with a deep approach to learning were successfully able to learn for understanding.  Impli-
cations of this finding for the future use of computer technology and learning for understanding are considered.

      One of the hallmarks of the new science of learning is its
emphasis on learning with understanding, in which the goal
of education is to produce learners who are better able to
transfer what they  have learned to new problems and set-
tings (6).   Students who learn for understanding are charac-
terized in the literature as using a deep approach to learning
(2).  These are students who focus on the underlying mean-
ing: on main ideas, themes, principles, or successful applica-
tions of knowledge.  This is in contrast to a surface approach,
in which students focus on memorizing selected content, usu-
ally for the purposes of academic assessment.

The terms “deep” and “surface” were first formally intro-
duced in 1976 by Marton and Saljo, who, on the basis of an
analysis of student responses to questions posed after read-
ing a passage of prose, identified two clearly distinguishable
levels of information processing (23). These were described
as follows:

In the case of surface-level processing the student directs
his attention towards learning the text itself (the sign),
i.e., he has a “reproductive” conception of learning which
means that he is forced to keep to a rote-learning strat-
egy.  In the case of deep-level processing, on the other
hand, the student is directed towards the intentional con-
tent of the learning material (what is signified), i.e., he is
directed towards comprehending what the author wants
to say about, for instance, a certain scientific principle or
problem. (p. 7)

Since then a substantial body of research has created a high
degree of consensus on the two approaches to learning, to
the point where the terms are commonly used to describe
learning in higher education (2, 25).  It is important to note

that student approaches to learning are distinct from learning
styles in that learning styles refer to predefined, permanent,
personal dispositions and as such are neither negotiable nor
sensitive to context (2, 14).  On the other hand, there are a
number of studies which suggest that student approaches to
learning are quite sensitive to, and can be influenced by, teach-
ing context (1, 12, 13, 21, 24, 26).

COMPUTER TECHNOLOGY AND
STUDENT APPROACHES TO LEARNING

There is evidence to suggest that the introduction of com-
puter technology can have profound effects on how students
approach learning.  For example, Reil found that working in
groups around the computer allowed the students to move
beyond focusing on basic information to more global issues
(27).  Ruberg, Moore, and Taylor also found that computer-
based interactive activities provided students with an oppor-
tunity to construct meaning by taking time to put their newly
learned concepts into their own words (28).  Mandinach and
Cline showed that the use of computer technology engaged
students in problem solving, leading to a deeper understand-
ing of content and context (22).  Finally, Jacobson and Spiro
found that using hypertext to present material in a number of
different ways supported superior transfer of knowledge (17).

INTEGRATING COMPUTER TECHNOLOGY INTO
THE MICROBIOLOGY CURRICULUM

Microbiology 121 is one of five required courses for 70
first-year nursing students at Queen’s University. Computer
technology was integrated into the microbiology curriculum
in two steps. First, the entire course curriculum was reorga-
nized to support learning for understanding. The basic facts
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 Course organization

               Weeks 1–5  Weeks 6–13                                        Weeks 3–11

               Basic Facts→      organized into    →    Main Concepts    →      applied to            →             Case Studies

        •  Pathogenesis      •  Diagnosis
        • Transmission       • Control

 based on:
 ↓

 Patient concerns related to:
 ↓

 Structure and Function of:
• Bacteria
• Viruses
• Fungi
• Parasites
• Host/parasite

interactions

 6 Body Systems
 • skin and soft tissue                          • bloodstream                     • gastrointestinal
 • upper & lower respiratory tracts     • central nervous system    • urinary tract & sexually transmitted diseases

 SOLO taxonomy

              Unistructural                 →                      Multistructural                      →                                        Relational
 Focus is on a single bit  Boxcars information in discrete units  Relates bits to each other in meaningful ways

             b                                                 b

 Instructional method:  active learning
 Weeks 1–5  Weeks 6–13  Weeks 3–11

 In-class sessions (3 1-h weekly sessions)  Out-of-class assignments (total of 10)
• Questions interspersed throughout the in-class sessions to encourage

discussion and to start students thinking about concepts being presented
• Specific active learning activities interspersed in class sessions

throughout the term

• Students relate material learned in class to real-life case
studies using HyperClinic: Interactive Case Studies in
Microbiology, a multimedia CD-ROM

          ↓                                             ↓
Instructional goal:  to foster learning through understanding

TABLE 1.  Microbiology 121 course organization, representing a blending of instructional design and current
understanding of complexity in thinking

tem and a particular case study.  Students were then required
to interact with the program, applying what they had learned
in class, to choose specimens, order tests, and interpret the
test results in order to answer questions posed about the case
study.  As part of the process, students could receive feed-
back about their choice of and/or interpretation of lab tests.
For example, the program provided feedback on whether the
test selection was correct and if not, why not.  Students could
also access information about the basic microbiology of the

new problems and settings (6).  Active
learning was defined as “a teaching strat-
egy that uses one or more course resources
to ensure elements of student activity,”
where elements of activity can include talk-
ing, reading, writing, reflecting, or doing
(8).  In class, discussions were used as a
primary active learning strategy.  Out of
class, computer technology was used as a
resource to support active learning.

A CD-ROM called HyperClinic: Inter-
active Case Studies in Microbiology had
been specifically developed by the instruc-
tor and a colleague as a tool to facilitate
problem-based learning.  In HyperClinic,
as with the overall course material, the cases
were organized according to body systems
(Fig. 1).  On a weekly basis, students were
provided with assignment questions which
would direct them to a specific body sys-

(e.g., structure and function of the cell envelope), presented
at the beginning of the course, were used as a foundation for
the introduction of main concepts (e.g., pathogenesis). In turn,
students were required to apply the concepts to case studies
(Table 1). This was a significant change from the previous
curriculum, in which the focus was primarily on the presen-
tation of facts about specific microorganisms (e.g., which
microorganisms cause which diseases).

As the second step, active learning was adopted as the
primary instructional strategy since people
who become active learners are better pre-
pared to transfer what they have learned to

FIG. 1.  HyperClinic:  Interactive Case Studies in Microbiology is a
multimedia CD-ROM in which case studies are organized according to body
systems.
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case as well as specifics about the correct laboratory testing
procedure.

As a multimedia CD-ROM, all information in HyperClinic
was presented as a combination of video, text, animations,
pictures, graphics, and sound.  A key feature of the software
was the hyperlink feature, which allowed students to access
detailed information not just in relation to case studies, but
also in relation to specific diagnostic tests or microorgan-
isms, with a simple click of the mouse, no matter where they
were in the program.  Also included was the ability to access
relevant Internet sites at specific points in the program.  Con-
sequently, it was felt that HyperClinic contained sufficient
information to support the material learned in class, and it
was designated as the only required resource for the course.

The course reorganization shared similar features with
the Structure of the Observed Learning Outcome, or SOLO,
taxonomy (5).  SOLO provides a systematic way of describ-
ing how a learner’s performance grows in complexity when
many academic tasks are being mastered.  Progression through
the levels implies an increase in knowledge as well as a deep-
ening of understanding of the course material.  Although the
full model describes five levels, the reorganization of the mi-
crobiology course paralleled the middle three levels of the
SOLO taxonomy (Table 1).  The SOLO taxonomy is based
on a study of learning outcomes and emphasizes the impor-
tance of matching the evaluation of learning outcomes to the
design of the curriculum.  Consequently, the assessment
method was also changed to support the focus of learning
through understanding.

To summarize, the course was reorganized so that stu-
dents would learn not just basic facts about microorganisms,
but also the main concepts in the field and how those con-
cepts applied to the practice of nursing.  The changes were
made to foster student learning through understanding in or-
der to enhance retention and the ability to apply the mate-
rial.  Active learning was used as the primary instructional
strategy.

RESEARCH QUESTION

Based on the review of the literature and curriculum
changes, the following question was formulated to guide the
evaluation of the use of computer technology in the course:
to what extent did the use of computer technology facilitate a
deep approach to learning?

RESEARCH METHODS

Postsecondary learning is not usually conducted in well-
structured, uniform, or stable environments.  This makes it
difficult to use a strictly experimental, quantitative approach
when evaluating the use of computer technology, due to the
lack of a well-defined traditional method to serve as a stable
comparison (11).  Consequently, a case study approach was
chosen.  A case study allows for the thorough investigation
of a phenomenon within its real-life context because data
collection and analysis are guided by the questions posed by
the investigator, rather than a fixed predetermined formula

(30).  For the purposes of this study, the following combina-
tion of quantitative and qualitative data was collected.

The Study Process Questionnaire (SPQ) designed by
Biggs was used to gather data on student approaches to learn-
ing (4).  This tool was chosen because the SPQ had been
used widely in learning in a variety of systems of higher edu-
cation.  This included use of the SPQ to monitor student
progress in the same way that the results would be used in
this study (20).  The questionnaire contained 14 questions
representing a deep approach to learning, (e.g., “I find that I
have to do enough work on a topic so that I can form my own
point of view before I am satisfied”) and 14 questions repre-
senting a surface approach to learning (e.g., “I learn some
things by rote, going over and over them until I know them
by heart”).  Students were required to respond on a five-point
Likert scale, with 1 representing “never or rarely true” and 5
indicating “always or almost always true.”  Therefore, stu-
dents received a score ranging from 14 to 70 points for both
the deep and the surface scale, where the lower the score, the
less a particular approach to learning was preferred by the
individual student.  Students were requested to complete the
SPQ twice over the course of the term: on the first day of
classes and again at the end of the term.

A Student Background Questionnaire was  used to gather
information in relation to individual student background vari-
ables.  A Student Satisfaction with Computer Technology
Questionnaire was created to capture feedback to the use of
computer technology.  Information was gathered at the be-
ginning and at the end of the term, respectively.

Interviews were used to gather in-depth information about
how students used computer technology to support their learn-
ing process over the course of the term.  Interviews were
chosen because they are an effective way to make explicit
the thoughts and approaches of the participants, particularly
in cases where the participants themselves are not always
aware of how they experience a given situation (29).  Recog-
nizing that students may experience learning in the course in
different ways, different combinations of their reported fre-
quency of computer use (high versus low) and their SPQ score
on the deep scale coming into the course (high versus  low)
were used to select students to be interviewed.  Consequently,
a total of eight students were interviewed (two for each pos-
sible combination), three times each, over the course of the
term.

Given the extensive data to be collected, it was important
to ensure that the research study would not impact on the
students in any way.  Consequently, students were given the
option not to participate, or to withdraw, at any point during
the study.  Of the 70 students in the class, only 1 chose not to
participate in the study.

RESULTS: DID THE USE OF COMPUTER
TECHNOLOGY FACILITATE A DEEP

APPROACH TO LEARNING?

There was a statistically significant rise (P < 0.01) in the
mean of the deep approach to learning scores, as measured
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through the SPQ, from the beginning to the end of the term.
The level of increase was uniform across the entire class,
since the significant increase in deep scores represented an
expected regression to the mean (Fig. 2).  Examination of
individual questions within the deep scale revealed an inter-
esting finding.  Four of the 14 questions captured the extent
to which students related the material to real-life situations,
or to what they already knew, as part of their approach to
studying.  For example, one of the four questions read, “While
I am studying, I often think of real-life situations to which
the material that I am learning would be useful.”  The re-
sponses to these four questions were primarily responsible
for the significant rise in the deep scale score throughout the
class.  The next step was to see the extent to which the use of
computer technology contributed to these findings.

Examination of the interview data indicated that the stu-
dents used HyperClinic to relate material to what was learned
in class or to real-life situations.  The following quotes illus-
trate typical responses indicating how students actually used
HyperClinic as part of their learning process:
·  When I have to work with the CD-ROM I have to keep

thinking where do I want to go in order to get from this
bacteria to the information I need.  I move things around
from one system to the next and I actually have to sift
through things to get answers.  I find that better because
you know where the answers are coming from.  It keeps
you relating things back and you keep applying why...so
it [HyperClinic] kind of links it subconsciously for you.

(Lee, interview 1.)
·    It’s like a really deep process because when I go into the

ordering tests and I get the test wrong, then I’ll click on
the right side and find out what’s the reason behind this
test and so then I’ll understand why you order tests for
that particular situation and therefore it makes sense when
it comes to analyzing results so I can understand not just
the question but what I am learning.

(Cathy, interview 1.)
The results of the interview data were supported by the class
responses to the Student Satisfaction Questionnaire, in which
73% of the class found HyperClinic helpful or very helpful
to their learning in the course.  Of the additional comments
provided by students, 25% said that the case studies and real
application of material facilitated understanding or helped
to put the whole picture together.

Influence of individual differences.  All students inter-
viewed, regardless of the predefined selection variables, re-
ported that HyperClinic facilitated their understanding of the
course material.  During the interview process, however, it
became apparent that the students were using different strat-
egies to answer the assignment questions.  Some students
described “guessing at answers,” which meant formulating a
response based on the available information.  Other students
described using a “common sense approach” in which mate-
rial from their course notes was clearly used in conjunction
with the material on the CD-ROM to formulate an answer.
Interestingly, the students using the common sense strategy
had transferred in to the nursing course after completing one
year of university.  The other students had entered the nurs-
ing program immediately after completion of high school.
Consequently, it was decided to explore the influence of edu-
cational background variables on student approaches to learn-
ing and performance in the course.

Data was analyzed based on two specific items:  (i)
whether students were recent high school graduates and (ii)
their previous exposure to a microbiology course. To make
sure that the groups were comparable, only complete data
sets were used.  Of the 55 students included in the analysis,
27 (49%) were recent high school graduates.  For the re-
maining 28 students, the time out of school ranged from 1 to
26 years, with the average being 6 years.  Of this group, 7
students had a previous course in microbiology.  (Note that
these students were not taking the course for the second time;
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Deep Score Results
Mean = 45.7

Deep Score Results
Mean = 47.9

          (a) beginning of the term (SPQ1) (n = 67)                          (b) end of the term (SPQ2) (n = 60)
FIG. 2.  Histograms of SPQ deep score results at the beginning of the term (SPQ1) (a) and at the end of the term

(SPQ2) (b).
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Result
Group 1 (n = 7)
(previous course
in microbiology)

Group 2 (n = 21)
(not recent high

school graduates)

Group 3 (n = 27)
(recent high school

graduates)

Parameter

Mean SD Mean SD Mean SD

47.9 8.23 45.5 6.05 46.0 6.37

48.3 8.73 48.6 5.85 47.3 6.25

SPQ

Deep score        SPQ1

    SPQ2

    SPQ2 - SPQ1   0.40 3.45   3.1*** a 3.59   1.2 4.00

52.4*b 5.50 44.7 7.75 51.1** b 5.44

52.6 4.65 48.4 9.41 53.0 6.07

Surface score    SPQ1

 SPQ2

    SPQ2 - SPQ1   0.14 5.55   3.7** a 6.00   1.9*a 4.42

22.2 1.89 24.0** 2.20 21.8 2.00

13.6** 2.59 16.2** 1.69 14.2 1.90

34.9 7.01 37.0** 6.57 30.8 7.56

Gradesc

Assignment

Midterm

Final exam

Course 71.1 9.82 77.7*** 9.12 67.1 9.00
aLevel of significance (two-tailed paired-samples t test): *, P < 0.05; ** , P < 0.01; *** , P < 0.001.
bLevel of significance (one-way analysis of variance [ANOVA]): *, P < 0.05; ** , P < 0.01.
 cLevel of significance (one-way ANOVA): ** , P < 0.01; *** , P < 0.001.

TABLE 2.  Student groupings based on educational background variables, SPQ results, and performance in the course

rather, this group was made up of students who had taken a
previous course in microbiology before transferring into the
nursing program.)  As a result of this categorization, three
distinct groups of students emerged: group 1, students with a
previous course in microbiology; group 2, students who were
not recent high school graduates; and group 3, students who
were recent high school graduates (Table 2).

Although all three groups showed an increase in deep
scores, the only statistically significant increase was exhib-
ited by students who were not recent high school graduates
(group 2) (P < 0.001).  This group also performed signifi-
cantly better in the course than the other two groups (Table
2).  Students in groups 1 and 3 had a statistically significant
higher surface score coming into the course than students in
group 2 (P < 0.01).  Students in group 1, who were familiar
with the subject area, performed slightly better in the course
overall than the students who were recent high school gradu-
ates (group 3), but the difference was not statistically signifi-
cant.  Interestingly, there was also a rise in surface scores
over the course of the term, to the point where there was no
significant difference between the three groups in surface
scores by the end of the term.  The only group for whom the
rise in surface score was not statistically significant was group
1 (students with a previous course in microbiology).

DISCUSSION

This study showed that the use of computer technology

did play a role in facilitating a deep approach to learning
over the course of the term.  Specifically, students reported
using concepts learned in class to interact with the CD-ROM
in order to answer questions about the case studies.  Indi-
vidual differences seemed to influence the extent to which
students adopted a deep approach to learning; students with
a predisposition to a surface approach to learning did not
show an increase in deep approaches to learning.  The find-
ing is consistent with the model proposed by Kember and
Gow, who identify a predisposition to a surface approach to
learning as a significant barrier when trying to facilitate a
deep approach, or learning for understanding (20).  Further-
more, the extent of the impact is emphasized by the finding
that a predisposition to a surface approach to learning seemed
to be more influential in determining performance in the
course than having had a previous course in microbiology.

The influence of a student’s approach to learning coming
into the course also illustrates the point made by Jacobson
and Spiro that a student’s stage of learning is a key variable
with respect to the effective use of computer technology (18).
Their argument implies that the use of a hypermedia pro-
gram may have been too advanced for some of the students
in the class, and alternatively a drill-and-practice program
may have been a better match for students with a predisposi-
tion to a surface approach to learning.  However, Jacobson
and Spiro also describe the importance of matching the na-
ture of the subject area with use of technology.  For example,
well-structured knowledge areas, such as mathematics, may
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be best suited to computer-based drill systems.  According
to their framework, since microbiology is not a well-struc-
tured knowledge area, hypertext is an appropriate learning
tool to use.  In addition, the fact that a previous course in
microbiology did not make a significant difference to per-
formance in the course suggests that there is more to the is-
sue of fostering learning for understanding than simply re-
considering the use of computer technology.

Kember and Gow suggest that the transition to a deep
approach to learning is particularly difficult for students with
a predisposition to a surface approach to learning, and there-
fore these students require more help in making the transi-
tion.  For example, teaching appropriate skills and reorient-
ing concepts of knowledge are suggested as potential strate-
gies (20).  The explicit introduction of learning strategies as
a way of fostering learning for understanding is supported
by Bruer, who makes the distinction between expert and less-
skilled learners (7).  To set the scene for the introduction of
learning strategies, the differences between the two catego-
ries of learners are worth exploring further.  This differentia-
tion will also help to explain the observed increase in surface
approaches to learning.

Bruer describes a skilled learner as someone who has a
very keen awareness that different skills and strategies may
be required depending upon the learning situation.  Conse-
quently, they do not necessarily rely on a specific approach
to learning but are able to adapt their approach in accordance
with the demands of the learning situation.  The rise in both
deep and surface learning scores of the students who were
not recent high school graduates supports that this group was
able to integrate both surface and deep approaches to learn-
ing, as required.  This finding makes sense since acquiring
basic facts was an important part of the learning process in
the reorganized curriculum.

The need to acquire basic facts was also reflected in the
rise in surface scores of the students who were recent high
school graduates.  These students, however, did not show a
rise in a deep approach to learning.  This pattern is consis-
tent with Bruer’s description of less-skilled learners as indi-
viduals who are not able to appreciate the difference between
memorization and comprehension.  Consequently, in a learn-
ing situation these students tend to rely primarily upon a sur-
face approach to learning.

The learning profile of students with a previous course in
microbiology also resembled that of the group of “unskilled
learners,” which again helps to explain why this group of
students did not do as well in the course, despite their previ-
ous exposure to the subject area.  In fact, since a surface
approach to learning tends to arise as a result of an academic
learning environment, if learning in their previous course had
been based on memorizing facts about microorganisms, it is
possible that previous exposure to the subject area may have
been detrimental to their ability to learn for understanding
(3).  Without additional information, further speculation is
not possible. The preceding discussion clearly supports the
importance of helping students to develop appropriate strat-
egies when learning for understanding.

This direction is also consistent with the recommenda-
tions made by Andrews, Garrison, and Magnusson (1).  The
authors found that although developmental level may have
contributed to first-year students being more surface oriented
than third-year students, a stronger argument was made for
the influence of the instructional environment in shaping stu-
dent approaches to learning.  Therefore, a logical step might
be to make it more apparent to students in the class how com-
puter technology can be used to facilitate learning for under-
standing.

For example, although students were provided with an
introduction to the technology and consistently reminded
about the objective of the course, strategies such as how to
use the feedback feature available in HyperClinic were not
specifically provided.  Making the process of learning ex-
plicit may be particularly important when hypermedia is used,
since merely browsing through the program does not neces-
sarily engender deep enough processing to result in mean-
ingful learning (19).  There is a feature inherent in the SOLO
taxonomy which further supports the direction of making the
learning process more apparent to students in the class.

Biggs and Collis describe transitional responses as a key
property of the SOLO taxonomy (5).  These responses can
occur when the student is feeling ready for the next level but
doesn’t quite make it.  Responses tend to be marked by con-
fusion or inconsistency and typically carry more information
than is required.  This description parallels how students char-
acterized “guessing” at answers.  Perhaps these students were
somewhere in the transitional stage moving from facts to un-
derstanding.  If this is the case, then helping students to be-
come aware of the learning process when using computer
technology may facilitate a successful transition.

LIMITATIONS

The influence of instructional methodology has been put
forward as a competing hypothesis when the contribution of
computer technology to learning is evaluated (8).  For ex-
ample, in this study it could be argued that the emphasis on
active learning, and not necessarily the use of computer tech-
nology, was what contributed to the deep approach to learn-
ing.  To counter this argument, a more thorough analysis of
the features of the computer technology and their specific
contribution to learning for understanding is required.
Jacobson refers to this as “linking theory to design,” in which
each characteristic of the curriculum is linked to a specific
aspect of the learning process (16).  This level of detail would
also help to clarify the reason for and point at which students
may need assistance when learning for understanding.

Using a case study approach has also been faulted for the
lack of generalizability, since the study usually involves small
sample sizes and is context specific (15).  Repeating the cycle
of research is one way to address the applicability of the find-
ings.  This course of action is also consistent with the recom-
mendation that at least two cycles of research are required in
order to fully implement and understand the influence of an
educational innovation (21).  The need to continue the re-
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search cycle raises the issue of additional instructor workload
when this type of instructional innovation is undertaken.

There is no question that the instructor must play a key
leadership role.  In this study, the role involved developing
the CD-ROM, as well as changing the approach to the course.
The changes, however, were made over a period of three
years.  In the first two years, creation of the software was
followed by a pilot study.  The changes reported in this study
were then implemented in the third year, based on the results
of the pilot study.  The truly essential piece was the ongoing
commitment on the part of the instructor.  Once this was at-
tained, the issue of workload was addressed by following a
cycle of planning, action, observation, and reflection, in an
incremental fashion, in accordance with a realistic time frame.

EDUCATIONAL SIGNIFICANCE

After completing a meta analysis on the effects of
hypermedia on learning, Dillon and Gabbard concluded  that
the most promising direction of research lay in an anlysis of
individual learner characteristics and the use of computer
technology (10).  Although the preliminary nature of this study
does not allow for major conclusions to be drawn, it does
point to the potential of this line of study when using com-
puter technology to facilitate learning for understanding.  Per-
haps more importantly, the study also suggests the need to
take into account individual student characteristics when
implementing curriculum changes to support the new science
of learning.
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