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ABSTRACT

Learning objectives are important as they provide direction to teaching staff towards
what content should be taught, what activities should be undertaken and what
assessments are to be used to confirm understanding. Two decades ago, the
evolution of new learning modes such as recorded, remote, and simulation/virtual
started the research process to define and better understand learning objectives in
the teaching laboratory. Much is still to be learnt about laboratory learning objectives
including which are most important, and if what is deemed important is universal. For
example, do academics in Europe and Australasia align in which objectives are most
important and which are not? To answer this question, European and Australasian
engineering academics were asked to rank laboratory objectives across the
cognitive, psychomotor, and affective domain using a predefined tool called
Laboratory Learning Objectives Measurement. A total of 113 academics from
Australasia and 25 from Europe responded to the survey. A statistical analysis was
conducted to compare the rankings. The findings from this survey show that
substantial alignment occurs across the cognitive and psychomotor domains but
differs across the affective domain.
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1 INTRODUCTION
1.1 Background

The engineering laboratory has always played an important role in preparing
engineering graduates for their careers. Advancements in technology and industrial
requirements continue to drive its importance, regardless of its mode of delivery [1,
2]. Systematic literature reviews show that laboratory learning can take place in
various modes such as face to face, simulation/virtual and remote; and that learning
occurs across the cognitive, psychomotor, and affective domains [3, 4]. COVID19 in
particular caused many universities to alter their approaches in how they conducted
their laboratory classes [5]. Academic staff did the best they could to make the most
of a difficult situation right across the world, accelerating the transition to different
laboratory learning modes. With the speed of such change, it is important for
academic staff to reflect on the most important laboratory objectives to ensure that
the objectives drive the implementation, and not the other way around.

The definition of thirteen key laboratory objectives was established in 2002 [6] and
has played an important role in directing the learning outcomes for laboratory
research in the last two decades. Researchers have been building upon this
foundation to better refine and measure laboratory learning. One such refinement is
the Laboratory Learning Objectives Measurement (LLOM) instrument as defined in
[7]. The authors have used this instrument to explore if there is a commonality to
recognise which are the most important objectives that need to be facilitated in
laboratory learning.

This work creates the foundation for a future study being prepared by the authors
that will compare objective rankings across disciplines. Due to the overweight of
responses from Australasia, an understanding of location differences is necessary.
Therefore, the first step is to determine if location altered rankings. For example,
there are some major cultural and lifestyle differences between Europeans and
Australasians. It would be interesting to know if differences in international location
would influence ranking decisions. Therefore, this study explores the LLOM ranking
relationships across continents. It seeks to answer the research question ‘how do
Australasian and European academics rank laboratory objectives compared to the
international community?’.

1.2 The LLOM instrument

Learning in the laboratory can be connected across the cognitive, psychomotor and
affective domains [7]. This is because when thinking of a traditional laboratory,
students must undertake activities like applying, analysing, and evaluating
information (cognitive); imitate, manipulate, and articulate with their hands
(psychomotor); and attend, respond and value with their presence (affective). The
LLOM instrument combines the 13 objectives listed in [6] with the Blooms Taxonomy
level descriptors to provide a holistic list as provided in Table 1.

It is important to note that while a separation exists, learning domains cannot be
isolated from each other because almost all learning activities involve more than one
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domain. The objectives used allow universal application across different engineering
courses and disciplines. Key words within the text of an objective have been written
in italics that allow modification to match the required context or discipline. Any
related word can be used, not just the sample words given for context. For example,
the objective P1 written as ‘Correctly conduct an experiment on [course equipment/
software name- e.g. power systems]?’ Could be modified to be ‘Correctly conduct an
experiment on control systems’ or ‘Correctly conduct an experiment on hydraulics’.

The instrument was explained to participants taking part in the research. Examples
such as the one above, were used to demonstrate how the objectives could be
tailored to any particular course by swapping out the italicised words. It was the
responsibility of each participant to consider each statement within the context of the
course/s they teach.

Table 1. Laboratory Learning Objectives Measurement Items

Domain Item LLOM Objective
Cognitive C1 Understand the operation of equipment/software used within the laboratory
Cognitive C2 Design experiments/models (physical or simulation) to verify course concepts
Cognitive C3 Use engineering tools (e.g. [name of hardware/software used)]) to solve problems
Cognitive C4 Read and understand datasheets/circuit-diagrams/ procedures/user-manuals/help-menus
Cognitive C5 Draw & interpret relevant charts, graphs, tables & signals
Cognitive C6 Recognize safety issues associated with laboratory experimentation
Cognitive c7 Analyse the results from an experiment
Cognitive C8 Write a conclusion summarizing your findings from an experiment
Cognitive C9 Write a laboratory report/entry into a logbook in a professional manner
Psychomotor P1 Correctly conduct an experiment on [course equipment/ software name- e.g. power systems]

Psychomotor PoH Select and use appropriate instruments for the input, output and measurement of your

circuit/system
Psychomotor P2S  |Select appropriate commands and navigate interface to simulate/program a model
Psychomotor P3 Plan and execute experimental work related to this course
Psychomotor P4 Construct/code a working circuit/simulation/program
Psychomotor P5 Interpret sounds, temperature, smells and visual cues to diagnose faults/errors
Psychomotor P6H  |Operate instruments (e.g. [equipment name]) required for experimentation
Psychomotor P6S  |Operate software packages (e.g. [software name]) required for coding/simulation
Psychomotor P7 Take the reading of the output from circuits/ instruments
Affective A1 Work in a team to conduct experiments, diagnose problems and analyse results
Affective A2 Communicate laboratory setup, fault diagnosis, readings and findings with others
Affective A3 Work independently to conduct experiments, diagnose problems and analyse results
Affective A4 Consider ethical issues in laboratory experimentation and communication of discoveries
Affective A5 Creatively use software/hardware to design or modify an experiment to solve a problem
Affective A6 Learn from failure (when experiment/simulation/code fails or results are unexpected)
Affective A7 Motivate yourself to complete experiments and learn from the laboratory activities
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2 METHODOLOGY

A multi-institution and multi-disciplinary research team was assembled to investigate
the research question. Members of the team reached out via direct email and social
media in 2021 to their university, research and professional contacts within the field
of engineering to answer a survey created in Qualtrics. The survey required
participants to rank in order of importance (1 = highest ranked) the multi-domain
objectives as listed in the Laboratory Learning Objectives Measurement (LLOM)
instrument as outlined in [7]. Participants were required to rank the objectives from
most important (ranking = 1) to least important. To determine if any of the rankings
remained unchanged, a fixed initial ranking was used based on the order as listed on
this page. None of the rankings were left in the default state for the responses
analysed.

Approximately 3,000 academics from all continents were invited to participate in the
survey with 219 survey commencements and 160 completions. From this, 113
responses came from Australasia and 25 from Europe. While higher number of
survey responses were anticipated, as the numbers suggest it was difficult to
encourage participation, especially outside of Australasia. European responses
came from Finland, France, Germany, Ireland, Portugal, Serbia, Slovakia and Spain.
Attempts to gain responses from other European countries were not successful. The
sample size for each European country was too small for analysis, but reasonable as
a collective to obtain a European perspective. This imbalance creates the need of
this research to understand if location-based differences existed.

3 RESULTS

The platform R version 4.05 was used for the statistical analysis with the results
shown in Tables 2 (cognitive), 3 (psychomotor) and 4 (affective). The data was
analysed in three groups, international (all data from across the world), Australasia
and Europe. The sample size for Europe was not high enough to also look at
differences between majors. Rankings were determined using averages. The lower
the number, the more academics ranked the objective as being more important than
objectives with a higher average. In brackets, the 95% confidence interval (Cl) is
shown. To determine if a statistically significant difference in average values occurs,
the 2 confidence intervals must not overlap. Such differences to the international
collective are highlighted in green.

In the last column, the one-way analysis of variance (ANOVA) is applied, this
examines whether for a particular objective (e.g. C1), the mean responses are
different across the groups, i.e. if shown p-value is less than 5%, then responses
differ across groups for that question, otherwise not. A multivariate analysis of
variance (MANOVA) was applied to determine if there is a statistical difference
overall between locations. The p-value for Table 2 is 0.05763, Table 3 is 0.1238 and
for Table 4 is 0.4452. This indicates if the overall responses differ across groups.
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Each table also provides a visual representation of the objectives in ranking order.
Visual representations can help develop a better understanding of statistical data.
Colour coding is used to show how the collective ranking, differs across the
groupings. For example, in Table 2, C1 is given the colour light blue. The different
ranking of C1 for each group can be easily observed in the table by following the
colour trend.

3.1 Cognitive Domain

Table 2 showcases the average values and rankings for the cognitive domain. It can
be seen that across the three comparison groups there is substantial alignment in
ranking order.

Table 2. Learning Objectives Cognitive Domain (Averages With 95% Confidence Interval) And
Ranking Order

Obj. | International | Australasia Europe ANOVA
3.11 3.05 2.80

Cl | @em34) | @68343) | @oogsy | 360476
3.31 3.38 3.48

2 | 092369 | 90386 | @esazy | OPB!
4.06 4.28 3.12

C | ceosan | (52475 | @34390) | OO0
5.50 5.42 5.60

C4 1 (514586 | 499589 | @e2ess) | 718
5.10 4.86 6.16

CS | @sas3e) | @sssan | sasessy | 0000
6.23 6.35 6.08

Co | (585661 | (592678) | (5.067.10) | 39688
3.86 3.82 3.92

C7 | Gsa4a18) | Ga3a21) | Gaoazey | 08327
6.54 6.57 6.28

C8 | (622685 | (620693 | (5.29727) | 032988
7.29 7.27 7.56

C | 69816 | 689764 | (676836 | 0%

Rank

e [ oo T o [ o ]

The most important cognitive objective is C1 ‘understand the operation of
equipment/software used within the laboratory’ and was consistent across all groups.
This result is not surprising as engaging with hardware/software is core to laboratory
work.

563



50th Annual Conference in September 2022 IEF"

The least important item is C9 ‘Write a laboratory report/entry into a logbook in a
professional manner’. C8, another cognitive writing-based objective was ranked
second last. Interestingly, while lab reports and writing are deemed as least
important, the work by Nikolic, Ros [4] found that they were one of the most used
assessment types. This provides a strong case of the need for further investigation.

The only major difference identified between the three groups is that the Europeans
valued the laboratory objective C3 ‘Use engineering tools to solve problems’ higher.
This difference was found to be statistically significant. They valued solving problems
as more important than design (C2) and analysis (C7). This provides a future
research opportunity to find out why this is the case. While C4 and C5 were also
interchanged, within the overall positioning this can be seen as negligible. Therefore,
it is possible to conclude that regardless of location, ranking order across the
cognitive domain is mostly aligned.

3.2 Psychomotor Domain

Table 3 showcases the average values and rankings for the psychomotor domain.
Across the three comparison groups a complete alignment in ranking order was
achieved. Some of the items had statistically significantly greater weight but
remained consistent in ranking order. This suggests that regardless of location, there
is a strong consensus of which objectives in the psychomotor domain are most and
least important.

The most important objective being (P1) ‘Correctly conduct an experiment on [course
equipment/ software name] and the least important being (P5) ‘interpret sounds,
temperature, smells and visual cues to diagnose faults/errors’. The importance of P1
appears self-explanatory, success comes from carrying out an activity correctly. This
is a core outcome of laboratory work.

However, the lack of importance given for troubleshooting is a curious observation.
P5 has substantial overlap with cognitive skills and is complementary to items C1-
C4. It extends beyond the cognitive by considering the actual practice of using the
tools to undertake the fault finding. For example, using and reading the display or
hearing a beep of a multimeter on an electrical circuit, or moving a hand over an item
to feel that it is heating up.

Much engineering practice revolves around knowing how to fix things. If one knows
how to fix things, that demonstrates a full/deep understanding of the operation of
equipment/software (highest ranked in the cognitive domain). Previous work [8] has
highlighted the importance of fault-finding ability on the student experience and
understanding, therefore it is possible to assume that the relationship between the
two items should be stronger. This is another avenue for further investigation.
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Table 3. Learning Objectives Psychomotor Domain (Averages With 95% Confidence Interval)

And Ranking Order

Obj. | International | Australasia Europe ANOVA
2.46 2.52 2.28

PL | @uoam) | @irass) | a7ra79 | 342
4.13 4.04 4.04

PIH | 378448 | (.63444) | (304504 0.9925

P25 | 493556 | @84559) | @706349) | 7
3.02 2.89 3.88

P3 | en333) | @332 | Go2aze | 00
5.23 5.35 5.04

P4 | @s1se0) | (490579) | @osson | 0%
6.86 6.79 6.92

PS | (656716 | (643715 | 6.127.72) 0.7568

POH | (4s5525) | @a49528) | 392608 | 0819
6.50 6.73 5.52

P6S | (615685 | (6347.13) | @466 | OO
6.65 6.58 6.80

PT 1 620701 | 615700 | 580780 | 77

Rank

1 P1 P1 P1

2 P3 P3 P3

3 P2H P2H P2H

4 P6H P6H P6H

5 P4 P4 P4

6 P2S P2S P2S

7 P6S P6S P6S

8 P7 P7 P7

o | s | B | ps |

3.3 Affective Domain

Table 4 showcases the average values and rankings for the affective domain. Across
the international and European groups much commonality is shown, noting that the
first three items for the Europe group have the same average. The Australasia group
differs substantially for this domain. It is of substantial interest to understand why
such a large variation occurs. Such differences are not surprising though, during the
authors submission of previous papers involving LLOM, the greatest reviewer debate
has been on the affective items. Could it be that differences in culture are most
present in this domain due to the focus of less technical items? With the larger
Australian sample, a future study will need to look at the differences across
Australian institutions. Should alignment occur across the affective domain in
Australia, this would create an interesting research pathway to investigate further.
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It can be observed that (A1) ‘work in a team to conduct experiments, diagnose
problems and analyse results’ is deemed most important, not surprisingly as much
work and focus in recent years has been placed on teamwork throughout the world
[9, 10]. All groups placed ‘Consider ethical issues in laboratory experimentation and
communication of discoveries’ (A7) as least important. With ethical laboratory
practises uniformly positioned last, this can be concerning, and it does suggest
engineers need greater reflection on affective skill development. Is it wise for
engineers not to value ethical practice as highly important? What negative
consequences can result on the engineering profession if data collection and
communication is not been completed ethically? As is implied by Gwynne-Evans,
Chetty [11], does ethics need repositioning?

Table 4. Learning Objectives Affective Domain (Averages With 95% Confidence Interval) And
Ranking Order

Obj. | International | Australasia Europe ANOVA
2.49 3.00 3.00

AL 001277 | (3.003.00) | (1.154.85) 0.514
3.24 4.50 3.00

A2 | Go134n | (ssioss) | (Lesasn | 026
3.58 2.50 3.00

A3 (327388) | (16.5621.56) | (1234.77) | 03492
5.50 6.00 6.14

Ad | sa85m) | 6718y | s3teon) | 0P
4.44 3.50 343

AS | 413476) | (28273527) | (1.17,5.68) 0.8773
423 4.50 4.57

A6 | 397449) | 27273627) | 290625 | 0056
4.53 4.00 4.86

AT | 420485 | 21412041 | (340631 | 0770

Rank

1 Al A3 Al

2 A2 Al A2

3 A3 A5 A3

4 A6 A7 A5

5 A5 A2 A6

6 A7 A6 A7

7 A4 A4 Ad

4 SUMMARY

Regarding the research question, how do Australasian and European academics
rank laboratory objectives compared to the international community, this work has
found that substantial commonality exists across the cognitive and psychomotor
domains. The greatest differences occur in the affective domain. This is not
surprising given the attention to cognitive learning and somewhat psychomotor
learning found through assessment [4]. Further research will need to investigate why
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the greatest differences occurred across the affective items. Do the non-technical
items integrate with cultural expectations and differences? With topics such as
emotional intelligence largely missing from the engineering curriculum, but highly
sought after in the workplace [12], it appears greater research, discussion and
reflection on the affective items is needed by the engineering academic community.
Future work will look at comparisons across disciplines and laboratory modes.
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