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The paper focuses on theinvestigation of arelationship between hypermediaand different cognitive
levelsof learning, as defined by Bloom’'s Taxonomy of educational objectives. Student performance
overall, aswell as at the lower cognitive categories, corresponding to knowledge acquisition and
routine application stages of learning, was significantly better when hypermedia instruction was
used. There was also evidence that low ability learners benefited from hypermedia more at the
lower cognitive categories, while high ability learners benefited more at the higher cognitive catego-
ries. While a review of the educational literature on the subject found few relevant studies, their
results support these conclusions. The paper also discusses limitations of the analysis and makes

recommendations for the future study.

INTRODUCTION

We live in a global information society, where
computers are essential tools for university students
and faculty alike. Leading engineering educators have
long recognised that needs of today’s studentsrequire
pedagogy more effective than the traditional sage-
on-the-stage approach. Adoption of learner-centred
approachesisessentia toimproving learning outcomes,
better recruitment and retention in engineering [1-3].
It also helps meet accreditation requirements [4].
Furthermore, it equips graduates with tools to cope
with, and adapt to, an ever-changing workplace that
demandslife-longlearning [5].

Yet university teaching, especially in engineering,
isstill largely untouched, not only by technology, but
by modern educational philosophy aswell. Engineer-
ing classrooms in 2000 too often looked exactly as
they did in 1970 or 1940 [6]. Little evidence of
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anything that has appeared in educational articlesand
conferences in the past half-century could be found
[71[8]. Faculty development is a particularly critical
issuein engineering departments[9][10]. After being
hired, new faculty members enter their classrooms
without any idea of what to do there. Many never
learn how to motivate students and facilitate learning
at high cognitive levels. In the absence of any peda-
gogical training, they teach the way their teachers
(who also never received any training) taught
them [8].

Studies increasingly show that new media can
effectively improve learning outcomes [11-14]. Low
educational knowledge and low adoption rates of
instructional technology among academics, particularly
in engineering, are of concern [15]. Most academics
consider themselves foremost as content experts, and
adhereto thetraditional, instructor-centred paradigm
[3]. Thiscan be expressed by the following attitudes:
more is better; we teach content, not students, and if
you know it, you can teach it [16].

However, alowances for learner differences are
not made, learnersare evaluated individually and sorted
through competition, and evaluation schemes are
usually limited to standard examinations [3]. Faculty
development has low priority on campuses [17][18].
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As such, faculty lack the knowledge of educational
theories and of instructional design necessary for an
effective implementation of new mediainto teaching
[15]. In order to meet the challenges facing engineer-
ing education, they need to embrace the following:

*  Thescholarship of teaching [6][7][10].

*  Faculty development [19][20].

e Lifellong and workplacelearning [5].

»  Theadoption of instructional technology.

Workshops can introduce engineering faculty to
learning theoriesand objectives, including Bloom's[21]
and Gagné's[22] classifications of educational goals,
behaviourist, cognitivist and constructivist theories
[23-26], learner-centred pedagogy [1][3], active,
collaborative and experiential learning [27][28],
learning stylemodels[27][29], etc. Theoretical frame-
work and principles of good teaching practice, such
as summarised by Chickering and Gamson in their
meta-analysis of 50 years of educational research, can
be used as guidelines in instructional design and
implementation of new media in academic courses
[30-32].

The author previously demonstrated that a
learning stylemodel could be used to integrate hyper-
mediainto teaching of an engineering course[29]. This
resulted in improved achievement and positive
attitudes towards technol ogy-enhanced learning
[33-35]. This article reports on the effects of hyper-
mediainstruction on different levels of cognition, as
described by Bloom’'s Taxonomy. It should be noted
that hyper-media is an outgrowth of hypertext, and
provides a non-linear, associative linking of text,
images (graphics and video) and sounds.

BLOOM’STAXONOMY OF COGNITIVE
DOMAIN

Following the 1948 Convention of the American
Psychological Association, a group of educational
psychologists at Harvard University led by Benjamin
Bloom began thetask of classifying educational goals
and objectives to create a framework for organising
thevariouslearning activities. This became taxonomy
including three overlapping learning domains:
cognitive, affective and psychomotor.
Cognitionisanintellectual processby which knowl-
edge is gained from perception or ideas. The cogni-
tivedomain relatesto thinking, knowledge acquisition
and knowledge application, and, as such, it is the
domain of most interest to educators. The affective
domain relates to emotions, attitudes and values. The
psychomotor domain relatesto mastering physical skills,

coordination, etc. Bloom’s Taxonomy of Cognitive
Domainisaway to classify the variety of educational
objectivesthat are related to what and how we know.
It was published in 1956 and has become a classic
cited by most subsequent books on education [21].

Bloom identified six levels of learning, which
represented increasing level s of cognitive complexity.
The lowest level is a simple recognition of facts,
labelled knowledge. Increasingly more complex and
abstract mental levels are labelled comprehension,
application, analysis, synthesis and evaluation [21].
Each level is presumed to encompass those below it,
so for example, analysis can only occur after the
ability to apply understanding of factual knowledge
has been accomplished. The first three levels are
considered foundation thinking, which are used as a
basisfor the last three levels, considered higher level
thinking. Associated with each level arecertainlearning
outcomes, typically expressed by verbs such as
recall, draw, calculate, categorise, design, assess,
etc. A multitude of resources on Bloom's Taxonomy
can be found on the World Wide Web (WWW) [36].

Theenduring value of thetaxonomy liesinitscom-
mon sense assumptions, such as that learning should
avoid heavy reliance on memorisation, and in a sug-
gestion of a hierarchy from simple to more complex
mental processes. However, many considerations
were also brought about since the original work was
published. For example, prior knowledge may affect
what level skillslearnersmay actually use[37]. Since
expertiseisdefined largely interms of knowledge base,
tasks that require high level thinking in novices may
be an automatic behaviour for experts.

Reclassifying thefirst level of taxonomy as recall
was suggested as more appropriate than knowledge,
since knowledge varies from concrete and specific to
complex and abstract [ 38]. Others suggested that there
should only be three broad categories, namely:

 Recdl;

»  Comprehension and routine application;

* Non-routine application, analysis, synthesis and
evaluation[12].

Traditional assessment methods make it difficult to
evaluate skills at higher levels of the taxonomy.
Recently, areclassification of knowledgelevelsinto
atwo-dimensiona framework was proposed [39]. This
promises to assist educators in distinguishing more
closely between what they teach and what they
assess, and to help in objectivetesting of higher learn-
ing outcomes. Thesix levelsof taxonomy are renamed
using the matching verb, with the two highest levels
reversed: remember, understand, apply, analyse,
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evaluate, and create [39]. Create is now the highest
level of learning, as evaluation is considered to
precede any generative process. Another dimension
isintroduced as factual, conceptual, procedural, and
metacognitive knowledge (metacognition, an area of
cognition that draws from a number of different
perspectives, is the study of how we develop knowl-
edge about one’'s own cognitive system, and how we
can be most efficient during the process of learning).
Thisframework highlightsthefact that learning levels
arenot always sequentia and that, contrary to Bloom's
assumptions, it is sometimes possible to operate on a
higher cognitive level without fully mastering the
lower level skills.

Bloom’s Taxonomy and Engineering Education

Wankat and Oreovicz provide a good example of an
adaptation of Bloom’staxonomy to the needs of engi-
neering education [2]. In this context, recall entails
routineinformation, definitions, descriptionsand gen-
eralisations. Comprehension refers to understanding
of technical representations, including translation,
interpretation and extrapolation. Application refers
to the use of abstractionsin particular situations, such
as rules, procedures and theories to perform compu-
tations, and to find solutions. Analysis refers to the
breakdown of a problem to its constituent parts so
that the hierarchy, connections and structure are
explicit, the problem is clarified, and its properties
determined. Many engineering problemsfall into the
analysis category, because complex engineering
systems must be repeatedly analysed. Synthesis
involves putting together elements to form a whole
system or solution. Many studentsfind synthesis diffi-
cult because the process is open-ended and there is
no single answer. Finally, evaluation involves making
judgements about the value of material or methods
for given applications, about satisfying specific
criteria, or about using the standard of appraisal.

A major part of engineering work involves synthe-
sis and evaluation. The former brings together
problem solving, analysis, design, development of a
plan, and implementation of the proposed solution. The
latter may require external criteria such aseconomics
or environmental impact.

In most engineering problem-solving, determining
the precise level of the taxonomy is difficult, as the
use of several categories is typically required to
complete an engineering task. Defining learning
outcomes and designing objective tests so that higher-
level thinking isin evidence is thus complicated. As
many engineering educators point out, whileteaching/
learning process is purported to engage higher-level

thinking and reasoning skills, standard evaluations
usually rely on knowledge acquisition or routine
knowledge-application [9][20][40]. Questions and
projectsthat elicit synthesis and evaluative skills and
deep learning strategies are under-represented
[41][42]. It is said that we are not doing enough to
encourage a deep approach to learning among
engineering students[43].

Hyper mediaand CognitiveL evels

Over the past decade, research on hypermedia,
including its effects on learning outcomes, has grown
exponentially. Yet few studies attempt to investigate
the effect of hypermedia instruction on different
cognitive levels of learning, and the results are not
conclusive. Differences were found in achievement
between different learning styles on knowledge
acquisition (lower-level), but no differences on knowl-
edge application tasks[44]. Another study also found
hypermedia most successful at enhancing learning at
the lower cognitive categories [45].

However, others show that hypermedia help stu-
dentsgain not only basic knowledge, but alsoincrease
understanding [46]. It can also help students exercise
cognitive skillsfrom higher-level categories[47-50].
Thereis aso some evidence that low ability learners
benefit most in knowledge acquisition, while high
ability learners benefit equally both on knowledge
acquisition and knowledge application stage [51]. A
recent comparative study of learning with hypermedia
found that when interactive modul es did not promote
critical thinking, there was little increase in the
performance of module users[52]. Yet when amix of
theory and practical information was used to convey
difficult concepts, they significantly outperformed their
peers who did not use the modules.

In summary, the results are still inconclusive,
because eval uating cognitive engagement at different
levelsisdifficult, especialy from standard test-based
assessments.

METHODS

The study took place in a sixth semester course in
Process Control (ELE639) in an undergraduate
electrical and computer engineering programme at
Ryerson University, Toronto, Canada. It used archived
examination data (1998-2002). Since 2000, learning
style questionnaires for the Felder Model were also
collected [29]. Final examination papers, storedinthe
Department for a period of five years, were the only
accessible source of data available for post-facto
comparisons.
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In 1998, all studentswereinstructed using conven-
tional methods (n=77). In 1999, an experimental group
(n=57) received hypermediainstruction, while acon-
trol group (n=37) received conventional instruction
[33]. In 2000, the experimental and control samples
were n=49 and n=45, respectively [34]. In both years,
the hypermedia-instructed group performed signifi-
cantly better than the control group. In 2001-2002, all
students received hypermedia instruction, and
thetotal cohortswere n=128 and n=137, respectively
[53].

Student achievement was benchmarked using
the Term Grade Point Average (TGPA) for the
semester immediately preceding ELE639. Two
equal-size populations of students were defined
using the median TGPA score; Previously Abovethe
Median (PAM) and Previously Below the Median
(PBM).

Prior to the analysis of archived data, content of
the examinations had to be assessed for the different
cognitive levels. In order to avoid any perception of
bias, a panel conducted the assessments. The panel,
including four engineering professors specialising in
control theory and an expert with a background in
psychol ogy, reviewed the examinationsand classified
al itemsaccording to Bloom'’s Taxonomy. The panel-
lists discussed their classifications until consensus
was reached.

Based on these classifications, student scores on
examination and items corresponding to each of the
cognitive levels were then computed. Reports for
design laboratory projects from 2000-2002 were
similarly classified and scored. In order to allow com-
parisons over time, the panel also assigned difficulty
weightsto all itemsevaluated. The average Pearson’s
correl ation coefficient between individual assessments
of the panellistswas very strong (r=0.814) and statis-
tically significant (0.05 level, two-tailed) confirming
strong agreement among the panellists.

RESULTSAND DISCUSSION

In the previous study, introduction of hypermedia
resulted in a visible improvement of academic
performance of students [53]. In both years of the
split-modeinstruction (1999-2000), statistically signifi-
cant group differences were observed between
hypermedia-instructed and conventionally instructed
students[33][34]. Anaysisof covariance (ANCOVA)
was employed to assess differences in examination
scores. As is customary for the ANCOVA F-ratio
statistic, the group means were adjusted for the
covariate [54]. Group differences are shown in
Table 1.

Table 1: ANCOVA statistics for group differencesin
final examination scores (1999-2000).

1999 2000

Hyper | Conv. | Hyper | Conv.
No. of 57 37 49 45
students
Pooled Mean 73.51 66.06
GroupMean | 76.07 | 69.57 | 63.64 | 58.71
Residuals 2516 | -3.876 | 2.346 | -2.555
Pooled STD 11.728 11.712
ANCOVA F=7.155, F=4.229,
Statistic df=1,92 df=1,92

p=0.009** p=0.043*

Academic Performanceat Different Cognitive
Levels

The panel confirmed the assertions that the problem-
solving format of engineering exams does not allow
for sufficient testing of higher levels of the taxonomy
[9][20][40][41]. Furthermore, the panel found that
higher-level cognitive skillsare morelikely to be as-
sessed in design-oriented laboratory projects[40-42].
Between 1998 and 2001, close to 80% of the exami-
nation items represented cognitive levels of applica-
tion and analysis (see Table 2), while close to 75% of
the laboratory items represented analysis, synthesis
and evaluation (see Table 3). Recall was not explicitly
tested, and few itemsrepresented comprehension. This
isnot surprising, since the lowest levels of taxonomy
were more appropriately addressed by short quizzes.
Following the panel experts’ assessment, the final
examination in 2002 represented an attempt to bal-
ance problems at different cognitive levels, and in-
cluded more items classified as synthesis (27%) and
evaluation (9%).

Figure 1 shows a graphical representation of
cumulative data from the archival analysis of the
scores at different cognitive levels of conventionally
instructed (1998-2002, n=159) and hypermedia-
instructed (1999-2002, n=371) cohorts. Table 4 shows
ANOVA results for cumulative (1998-2002) group
differences and Table 5 shows ANOVA results for
the two years where direct comparisons were avail-
ablebecause of the split-modeinstruction (1999-2000).
To allow time-series comparisons, final examination
scores were al so adjusted for difficulty.

Regardless of the mode of instruction, scoreswere
higher at the lower levels of taxonomy than at the
higher levels. Statistically significant differenceswere
observed overall at the combined lower and higher
levels (2 and 3; and 4, 5, and 6, respectively, with no
questions at level 1), and at application and analysis
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Table 2: Bloom’s Taxonomy - examinations (1998-2001).

Year | Recdl | Comprehenson | Application Andysis Synthesis Evauation
1998 - 6% 75% 19% - -
1999 - 4% 52% 30% 14% -
2000 - 4% 58% 21% 10% %
2001 - 12% 48% 24% 16% -
2002 17% 26% 21% 2% %%
Table 3: Bloom's Taxonomy - laboratory reports (2000-2001).

Year | Recadl | Comprehenson | Application Analysis Synthesis Evaluation
2000 - 10% % 25% 40% 18%
2001 - 12% 25% 25% 25% 13%
2002 - 12% 13% 21% 3% 17%
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Figure 1: Final examination data (1998-2002) — achievement at different levels of Bloom’s Taxonomy; scores
adjusted for difficulty; conventional (n=159) vs. hypermedia(n=371).

levels. Thisleadsto aconclusion that although differ-
ences were not consistently statistically significant
at individual levels, it is probably attributable to the
lack of statistical power, iethe size of the sample, and
relatively few items on the examinations belonging to
the comprehension, synthesis and eval uation catego-
ries, as shownin Table 2.

Relatively higher scores at the synthesisand evalu-
ation levels than at the analysis level, as shown in
Table 5, could be an artefact associated with the low
number of questionsat thosetwo levels. Alternatively,
however, this observation could also support asser-
tions in the recent second edition of the Taxonomy
highlighting thefact that learning level sare not always

Table 4: Bloom's Taxonomy levels - examinations (1998-2002); conventional (n=159) vs. hypermedia (n=371).

HYPER (n=106) | CONV (n=82) ANOVA

Tota 61.3% 52.0% F=65.455, df=1,528, p=0.0005**
Levels2 & 3 63.7% 51.2% F=107.16, df=1,528, p=0.0005**
Levels4,5,& 6 49.5% 37.9% F=50.81, df=1,528, p=0.0005* *
Level 2: Compr. 72.9% 62.3% F=26.351, df=1,528, p=0.0005* *
Level 3: Application 65.8% 49.2% F=153.90, df=1,528, p=0.0005**
Level 4: Anadlysis 56.7% 34.0% F=140.79, df=1,528, p=0.0005* *
Level 5: Synthesis 48.0% 47.8% F=0.003, df=1,451, p=0.956
Level 6: Evaluation 54.2% 56.9% F=0.384, df=1,229, p=0.536

** gignificant at .01 level (2tailed); * significant at .05 level (2 tailed).
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Table 5: Bloom’'s Taxonomy levels - examinations (1999-2000); split-modeinstruction: conventional (n=82) vs.

hypermedia (n=106).

HY PER (n=106) CONV (n=82) ANOVA
Totd 60.9% 56.0% F=7.455, df=1,186, p=0.007**
Levels2 & 3 61.6% 58.3% F=4.075, df=1,186, p=0.045*
Levels4,5,& 6 57.1% 48.8% F=10.485, df=1,186, p=0.001**
Level 2: Compr. 80.2% 77.4% F=1.024, df=1,186, p=0.313
Level 3: Application 58.4% 47.8% F=4.777, df=1,186, p=0.042*
Leve 4: Andlysis 52.5% 41.3% F=12.603, df=1,186, p=0.0005**
Level 5: Synthesis 56.9% 47.8% F=3.981, df=1,186, p=0.047*
Leve 6: Evduation 63.8% 56.9% F=1.348, df=1,92, p=0.249

** gignificant at .01 level (2tailed); * significant at .05 level (2tailed).

sequential and that may be possible to operate on a
higher cognitive level without fully mastering the
lower level skills[39].

Relationship between Ability and Achievement
at Different Cognitive Levels

Next, comparisons were made between PBM and
PAM cohorts, representing those students who respec-
tively performed bel ow the cohort median and above
the class median prior to registering in the course in
the study. Membership in these two widely defined

groups is then taken as an indicator of the general
academic ability level. Table 6 shows ANOVA results
for cumulative (1998-2002) group differences for
previously lower-achieving (PBM) students, and
Table 7 showsthese resultsfor the previously higher-
achieving (PAM) students.

The same pattern asfor the overall cohortsis seen.
Hypermedia-instructed cohorts significantly performed
better than the conventionally instructed cohorts did
overall at the combined levels, and at comprehension,
application and analysis, ielower cognitivelevels. The
differences were insignificant at the two highest

Table 6: ANOVA statistics for cumulative data of examination scores at different levels of Bloom’'s Taxonomy
for the PBM category (1998-2002); scores adjusted for difficulty.

HYPER (n=106) | CONV (n=82) ANOVA
Total 57.6% 46.3% F=53.655, df=1,264, p=0.0005* *
Levels2 & 3 60.9% 47.1% F=68.003, df=1,264, p=0.0005**
Levels4,5,& 6 44.5% 32.8% F=29.830, df=1,264, p=0.0005**
Level 2: Compr. 71.2% 59.5% F=14.641, df=1,264, p=0.0005* *
Level 3: Application 62.3% 45.2% F=833.06, df=1,264, p=0.0005* *
Level 4: Analysis 51.3% 29.0% F=68.656, df=1,264, p=0.0005* *
Level 5: Synthesis 42.7% 38.0% F=1.080, df=1,225, p=0.300
Level 6: Evaluation 47.9% 60.5% F=3.589, df=1,114, p=0.061

** gignificant at .01 level (2tailed) * significant at .05 level (2tailed)

Table 7: ANOVA statistics for cumulative data of examination scores at different levels of Bloom’s Taxonomy
for the PAM Category (1998-2002); scores adjusted for difficulty.

HYPER (n=106) | CONV (n=82) ANOVA

Total 65.1% 57.9% F=23.707, df=1,262, p=0.0005**
Levels2 & 3 66.4% 55.3% F=46.488, df=1,262, p=0.0005**
Levels4,5,& 6 54.7% 43.1% F=25.748, df=1,262, p=0.0005**
Level 2: Compr. 74.7% 54.9% F=11.816, df=1,262, p=0.001**
Level 3: Application 69.2% 53.2% F=81.146, df=1,262, p=0.0005**
Level 4: Analysis 62.2% 39.2% F=83.163, df=1,262, p=0.0005**
Level 5: Synthesis 53.3% 57.5% F=0.929, df=1,224, p=0.336
Level 6: Evaluation 60.9% 54.1% F=1.446, df=1,113, p=0.232

** gignificant at .01 level (2tailed) * significant at .05 level (2tailed)
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levels. In both categories (PBM and PAM), scores
were higher at thelower cognitivelevelsand lower at
the higher levels. Figure 2 showsthe score difference
between PAM and PBM groups in average final
examination scores overall aswell as at the different
cognitivelevels(cumulative data 1998-2002).

The PAM-PBM gap inthe overall examination, as
well asoverall laboratory scores, was reduced for the
hypermedia cohorts when compared with the conven-
tional cohorts. There was a significant reduction in
the examination scores at comprehension and
application levels, with the PAM-PBM gap at the
application level comparablefor both cohorts (Figure
2). A reduction also occurred at the synthesis level,
but not at the evaluation level. Infact, conventionally
instructed PBM students had higher average scores
than the PAM studentsdid at the evaluation level. This
is most likely random and not representative, an
artefact of the very few items at the evaluation level.

Thus, it can only be concluded that there was a
definite reduction of the PAM-PBM differences at
the lower cognitive levels of comprehension and
application, and no reduction at theanalysislevel. The
results for the two highest levels were inconclusive
because of the small number of examination items at
these levels, presented in Table 2. As seen in Figure
3, for thelaboratory projects, with 60-80% of itemsat
the higher cognitive categories, the reduction in
PAM-PBM differences occurred both at the lower
(application) as well as at the higher (anaysis and
synthesis) cognitive levels. Unfortunately, the obser-
vations at the individual cognitive levels may not be
reliable due to the small sample size for the conven-
tional cohort (n=45, 2000 only) in the comparisons.

Figures 2 and 3 show that, regardless of the envi-
ronment, the differences between higher achieving
(PAM) and lower achieving (PBM) students are less
pronounced at the lower cognitive levels. Reductions

20+
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Total Levels Levels Compr. Applic. Analysis Synth. Eval.
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Figure 2: PAM-PBM differencesin final examination scores at different cognitive levelsof Bloom’s Taxonomy.
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Figure 3: PAM-PBM differencesin laboratory project scores at different cognitive levels of Bloom's Taxonomy.
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that occur in the PAM-PBM score gap in the
hypermedia-instructed cohorts, as compared with the
conventionally instructed cohorts, are also more
pronounced at the lower cognitive levels.

Relationship between L earning Stylesand
Achievement at Different CognitiveL evels

Theliterature onindividual learner differences suggests
that differences in learner ability, a pronounced
individual trait, account for alarge portion of variance
in performance with hypermedia [55][56]. Another
individual difference is accumulated knowledge and
prior experience, ie differentiation between novices
and experts. Significant differences are observed
between novices and experts in achievements with
hypermedia, as well as in navigation patterns and
complexity of tasks[57-59].

Unlike learner ability, which accounts for alarge
variation in academic achievement, learning styles
seem to be a secondary effect on academic achieve-
ment [60]. This should be expected, given animplied
level of academic ability and cognitive flexibility at
which university students must operate to be success-
ful. In the author’s previous study, the Felder model
of learning styles was used [29]. The model focuses
on aspects of learning stylessignificant in engineering
education, andisvery popular among engineering edu-
cators. The accompanying psychometric instrument,
the Index of Learning Styles, has four bipolar scales:
processing (active/reflective), perception (sensing/
intuitive), input (visual/verbal), and understanding
(sequential/global) [61].

In the 1999-2002 study, the author found statisti-
caly significant differencesin Cumulative Grade Point
Averages (CGPA), based on approximately 30 courses,
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between reflective and active students and between
intuitive and sensing students. In thetraditional teach-
ing environment, represented by the CGPA score,
reflective and intuitive students had significantly higher
average CGPA scores than their active and sensing
counterparts did [3][16]. This is consistent with the
assertionsin the literature that students with learning
style preferences not supported by the traditional
instruction are at a greater risk of poor performance
and even dropping out [62-64].

Statistically significant differencesin the distribu-
tions of learning styles between the previously lower-
achieving (PBM) and the previously higher-achieving
(PAM) students were also found [53]. If the learning
style preferences had no effect on the achievement, it
could be expected that for each style or agrouping of
styles, 50% of its members would be performing
Below-the-Median, while the other 50% would be
performing Above-the-Median. Table 8 shows PBM-
PAM distributions, representing the conventional
environment of the four scales of the model. Students
with active, sensing, visual and sequential preferences
were over-represented (membership of more than
50%) inthe previously lower-achieving group (PBM).
Differences in distributions for two out of the four
scaleswere statigtically significant, and for theremain-
ing two were almost significant.

For comparison, Table 9 shows BM-AM distribu-
tions in the course scores representing hypermedia-
enhanced environment. Differences in distributions
wereno longer significant for any of the scales. Table
9 provides evidence that hypermedia-enhanced
instruction supports a wider range of learning styles
and thus provides a scaffold for the students with
learning styles not well supported by the conventional
teaching/learning environment.

Table 8: Distribution of style modalities between PBM and PAM students (2000-2002 data, n=338) in %.

Ref Act Int Sen Ver Vis Glo Seq
PBM 45 53 45 53 38 52 44 54
PAM 55 47 55 47 63 48 56 46
Chi- x2=3.485, df=1, x?=3.293, df=1, x2=7.316, df=1, x?=6.900, df=1,
SqUare | h-0 062 p=0.070 p=0.007** p=0.009**

**Statistically significant at 0.01 level, 2-tailed.

Table 9: Distribution of style modalities between BM and AM studentsin hypermediaenvironment in the study

(2000-2002 data, N=298) in %.

Ref Act Int Sen Ver Vis Glo Seq
PBM 46 49 45 50 46 48 47 49
PAM 54 51 55 50 54 52 53 51
Chi- | y?=0.411 df=1, x°=1.406, df=1, x?=0.178, df=1, x?=0.180, df=1,
SQUAT€ | -0 520 p=0.236 p=0.673 p=0.671
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In this study, distributions of learning styles were
computed with respect to median values for scores
representing the combined lower (2 and 3) and higher
(4, 5 and 6) levels of Bloom’'s Taxonomy. As Table 9
shows, students with the reflective, intuitive and
global modalitieswere dightly over-represented inthe
Above Median group in CG scores (combined 2000-
2002 hypermedia-instructed cohort, n=298), at 54%,
55% and 53%, respectively. Distributions of all
other modalities were within 1-2% of the 50%-50%
equilibrium.

At the higher cognitivelevel (4,5 and 6, combined),
the distributions changed very little, with a 1-2%
increase for the reflective, intuitive and sequential
modalities, and a1-2% drop for active, sensing, visua,
verbal and global students. The changes were not
statistically significant.

The sample size was most likely large enough to
ensure that type 2 error did not occur (ie missing the
existing relationship). This could be taken as further
evidence of the hypermediainstruction accommodat-
ing awider range of learning styles, supporting previ-
ous findings [53]. The case would have been much
stronger if differencesin any scores corresponding to
different levels of Bloom's Taxonomy were found
between the different combinations of learning styles
inthe conventionally instructed cohort. However, that
was not the case. The available sample (2000, n=40)
was too small to alow any meaningful comparisons
with the hypermedia-enhanced environment with
respect to aninteraction of learning stylesand achieve-
ment at the different levels of cognitive domain.

CONCLUSIONSAND
RECOMMENDATIONS

The study revealed that over the years, problem-
solving examinations in the course consisted mostly
of items representing application and analysis level,
while the higher-level thinking was mostly tested
through laboratory design projects. This insight was
used in 2002 to widen the range of examinationitems
acrossdifferent cognitivelevels, including moreitems
classified as synthesis and evaluation.
Sinceitsintroductionin 1999, hypermediainstruc-
tion significantly improved examination performance
at the application and analysis levels of Bloom’s
Taxonomy, as well as the overall examination (and
course) performance, when compared with the
conventionally instructed cohort. Regardless of the
mode of instruction (ie hypermediaor conventional),
the scores were higher at the lower cognitive levels
than at the higher cognitivelevels. Theauthor’sprevious
study showed that, while on average the overall

performance of the previoudly lower-achieving (PBM)
learnerswastill lower than that of their higher-achiev-
ing (PAM) peers, PBM students generally benefited
from hypermedia more [53]. This was evident in a
reduced gap between average course scores of PAM
and PBM groups, as compared with their prior
achievement, measured by the TGPA score. This
reduction occurred in the hypermediacohorts only and
not in conventionally instructed ones.

In the current study, the analysis of the examina-
tion scores suggested that most of the gains of the
PBM students occurred at the lower levels of the
taxonomy. There is some indication that a similar
reduction occurred at the cognitive higher levelsin
thelaboratory projects. However, that observation may
not be entirely reliable because of the fact that project
scores reflect a group effort, while the examination
scores reflect the individual effort.

It can be thus concluded that the hypermedia-
enhanced learning-teaching environment offers the
lower-achieving students an immedi ate advantage that
allows them to catch up somewhat with their higher-
achieving peers. However, as the complexity of the
problems (ietheir cognitivelevel) increases, thisisless
evident. In both environments (ie hypermedia and
conventional), thetrend for the PAM-PBM difference
is to increase as the level of cognitive complexity
grows. Not surprisingly, this suggeststhat the higher-
achieving students are better able to deal with more
complex problems, regardless of the environment.

No meaningful analysis of the effect of learning
styles on learning at different cognitive levels was
possible. One of the study limitationswasarelatively
small samplesize, reducing significantly the statistical
power when dealing with eight distinct learning style
modalities, two levels of achievement and six levels
of cognitive complexity. Another limiting factor was
the examination format, with emphasis on tasks on
applicationand analysislevels.

Any future study would benefit from a larger
sample size to increase the robustness of statistical
analysis and from a more innovative examination
format, covering a wider range of tasks at different
cognitivelevels. Investigation of the revised cognitive
leve classification framework isaso suggested [39].
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