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The paper explores curriculum development within the laboratory component of a fluid mechanics course taught at the

University of Iceland. The paper addresses various steps taken to improve the laboratory work component of the course,

such as, shortening experiments, aligning the schedule of laboratory work exercises with lectures, and adding postlab

discussions. Universitymidterm and end of term surveys were not effective tomeasure the consequences of the changes, so

an additional survey focused on laboratory work was made. In addition, a student focus group interview was held three

years into the study to further confirm and deepen the findings on the effect of the changes made. All measurements

indicate an improvement in the laboratory component by using the new schedule, in particular with the synchronization of

lectures and experiments andwith the addition of postlab discussions, where the results of all lab groups are compared and

analyzed. Students reported increased satisfaction with the laboratory work, more appropriate workload, and better

understanding of and learning from the laboratory work as compared to the past.
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1. Introduction

In this study, the authors seek to arrange the

laboratory component in an undergraduate fluid

mechanics (FM) course in mechanical engineering

(ME) and chemical engineering (ChE) at the Uni-
versity of Iceland (UoI) so that it better supports

students learning. The authors intend to address the

students’ critique that the laboratory work was

extremely time consuming and did not add to

their understanding of the main concepts of the

course. The purpose of the laboratory component

of the course is to give hands-on experience with

various aspects of FM to provide students with a
deeper understanding of the subject. This goal

seemed to be not met with the previous arrange-

ment of the laboratory component, so changes were

made. The research question for this study can be

formalized as follows:

� Do the curriculum changes in the laboratory

component address students’ concerns about
the workload, learning and purpose of the

laboratory component?

To give a better idea about the student popula-

tion participating in the course and this study, the

course is mandatory in the third and last year of the

BSc degree in ME, in the second year in ChE and is

an elective in various other programs, mostly from

engineering physics. Student enrollment in the class

during the study (2014–2019) varied from 29 to 57.

The paper starts with a literature survey, fol-
lowed by a description of previous and altered

setup of the laboratory component. The assessment

of the curriculum development is based on the

university-wide midterm and end of term surveys

(years 2014–2019), a survey focused on the labora-

tory component (years 2015–2019) and on a one-

time interview with a student focus group about the

laboratory component (year 2018). The paper is
concluded by a discussion on the results, the gains

and drawback of the new schedule, the limitations

of this study and by linking this study to the broader

spectrum of how faculty scholarship in higher

education can develop while working on changes

to the curriculum.

2. Literature Review

Laboratory work has always been an essential part

of engineering studies, although its significance has

varied with time, demographics and focus of study,
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among other things [1]. Research findings agree

that, in order to fully grasp the concepts of engi-

neering, reading about the subject in a book is not

enough. Despite some contradictory findings [2],

most of the literature agrees that experience aids

learning [1, 3–9] and that adding well thought out,
hands-on experimentation [10] and numerical mod-

eling can benefit student learning.

Feisel and Rosa point out that even though

laboratory work has always been considered crucial

part of engineering studies their learning outcomes

are seldom specified [1]. This fact was largely

undetected until online engineering programs

sought accreditations, despite it being well accepted
in engineering design that expecting acceptable

results and evaluating whether a design criteria

has been met is impossible if the design criteria

itself is not clearly stated. Accreditation Board for

Engineering and Technology (ABET) since came

up with 13 learning outcomes of engineering

laboratories [1] that can be used on engineering

study programs . There is a general consensus about
those learning outcomes, with a few minor excep-

tions, but learning outcomes need to be specified for

each laboratory course in order to provide a focus

for instruction, guidelines for learning, targets for

assessment, evaluation for instruction, feedback for

continuous improvement and convey instructional

intent to others [11].

Traditionally, laboratory work has been hands-
on (e.g., [12–15]), but demonstration of experiments

also existed.With increased advances in technology,

remote (off-site but in real time, e.g., [16]), virtual

(numerical simulation, e.g., [17, 18]) and visual

(demonstration or a video, e.g., [19–21]) laboratory

work has become more common. Multiple articles

have assessed the differences between traditional

and nontraditional laboratory work (remote, virtual
and visual) and most agree that student learning

outcomes are comparable [22, 23]. Based on those

findings, choosing which type of laboratory work

(traditional, remote, visual, or virtual) to use might

be more based on non-educational values like cost,

availability, tradition and logistics. In the ME and

ChE study programs at the UoI, traditional hands-

on laboratory work has been taught for decades
inside of FM. The equipment for the laboratory

component has recently been renovated, and tradi-

tional laboratory work will only be used in this class

in the near future due to financial and logistical

reasons, as well as faculty tradition.

The scheduling of laboratory work in engineering

curriculum varies. Many schools have adopted one

or more laboratory courses that exclusively cover
experiments in various subjects (e.g., [12, 15]).

Others have the laboratory section included in the

courses covering the subject material in question. In

ME at the UoI, the laboratory component of each

subject, if included, has been part of the course

covering that subject instead of separate laboratory

courses covering experiments in all theME subjects.

In ChE at the UoI, laboratory focused courses do

exist but do not cover experiments in FM. The
experiments in FM do touch on most of the topics

covered in lecture, so the curricular development

described in this paper, is restricted to changes in

schedule and organization rather than to the experi-

ments themselves. Various types of experiments in

FM have been documented previously [17, 24–35],

and a short description of the experiments currently

explored in this FM course is given in the appendix.
The number and length of FM-related experi-

ments covered in ME and ChE varies greatly. In a

short literature review, the authors found that the

number of FM experiments ranged from zero to

eleven [19] (the one with eleven experiments was an

outlier though and the experiments were only

demonstrated to students) with three or less being

most common [12–15, 36–38]. The length of each
experiment commonly varies from one to three

hours [14, 37–39]. Grant [37] claims that an experi-

ment should not exceed two hours with analysis in

order to achieve its purpose and be an effective

usage of student’s time. In the FM course in ME

and ChE at the UoI, students perform six distinct

laboratory experiments that have traditionally been

three hours long.
Constructive alignment is of utmost importance

for learning to occur [40]. This means that learning

outcomes need to fit the course and the curriculum,

assessment needs to support learning, and most

importantly for the focus of this paper, learning

activities need to support learning. As the purpose

of laboratory work is to help students better grasp

the concepts of the subject covered in lectures, it can
be assumed that one would like to link an experi-

ment to learning about the subject in class [13]. Due

to logistic reasons, this is not always possible. FM

laboratory equipment is expensive and only one

group can work at a time on each equipment.

Fitting all groups within a time slot between cover-

age in class and finals that is reasonable for stu-

dents, staff and instructors is often problematic. In
laboratory only courses, this obstacle may be

avoided by having a lecture course on the subject

as a prerequisite. In courses where the laboratory is

integrated into a course on the same subject, the

timing of the laboratory hours within the term is

even harder. Thorough laboratory instructions are

essential [41, 42] but hardly enough to overcome

this complete lack of student preparedness. Pre-
class assignments [43, 44] and online multimedia

sources [45] followed by quizzes have been effec-

tively used previously to encourage students to
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prepare for lectures and laboratory sessions in

settings where alignment is lacking between labora-

tory and lectures. Cranston and Lock [14] reported

that 2/3 of their students had not yet covered the

material for the experiments in lecture at the time

they were conducting them in the laboratory sec-
tion. As a remedy, three plenarymini lectures on the

subject are given by the instructor during a three-

hour laboratory session. Rodgers, Cheema,

Vasanth, Jamshed, Alfutimie and Scully [46] use

6-9 minute videos, first one for each experiment and

later three for each experiment, to increase student

preparedness for experiments in a course where

experiments come before coverage in lecture.
Rathod and Kalbande [9] suggest, among other

things, adding prelab simulations and prelab

demonstration to increase preparedness of stu-

dents. It is not clear from the paper if this is in

settings where lectures and laboratory work are

aligned.

The laboratory in FM could be considered to

have some components of active learning [47] as it
requires students to be actively involved in the

experiment and in a later postlab session. Active

learning has been shown to increase student learn-

ing in science, engineering and mathematics [48].

Problem-based learning is a form of active learning

where learning is facilitated by letting students

work on problems with multiple possible solutions

requiring a multidisciplinary skillset. The problem
itself sets the need for seeking, testing, and judging

knowledge and deciding on a solution in an iterative

process [49]. Problem-based learning, therefore,

encourages initiative, judgment skills, interdisci-

plinary skills, and team work [49] by using both

cognitive and collaborative learning [50].

Domin [51] puts laboratory teaching into four

categories: expository instruction, inquiry instruc-
tion, discovery instruction, and problem-based

instruction. In expository instruction, the most

common form of laboratory instruction, the proce-

dure is given, a deductive approach is used, and the

results are known by both students and instructors.

In inquiry instruction, students decide on the pro-

cedure, an inductive approach is used, and the

results are unknown, requiring students to use
higher order mental processes [51]. In discovery

instruction, the procedure is given, an inductive

approach is used, and the outcome is known by

the instructor. The theory and outcome of the

experiment is, however, unknown to the students

[51]. Problem-based learning strategies have been

reported to be used in laboratory work [51–54]. In

deciding what type of laboratory instruction to
choose, it is important to have in mind the objec-

tives of the laboratory since they will likely be

ineffective if they are poorly constructed [55].

Last but not least, appropriate workload is of

great concern [56]. In order for students to be able

to acquire the knowledge covered in a course, the

workload needs to be reasonable [57]. Chambers

[58] has given some directions on how to estimate

student workload. However, most can agree that
predicting student workload is a complicated task.

The predictions need to make some assumptions

about the time it takes the average student to learn

the material presented in the course. Therefore,

these kinds of predictions will always be imprecise,

especially in engineering, where the number of

pages in a textbook may be a poor indication of

the time spent on a task since problem solving is the
most common learning method. It has been docu-

mented in the literature that instructors often

underestimate workload and/or do not consider

student complaints about workload while planning

their courses [59]. There is, however, often a gap

between actual workload and the workload per-

ceived by students [56, 60]. Ercan, Karaağaç and

Emekli [61] developed a computer application that
periodically asks students what they are doing to get

amore accurate estimate of actual workload in each

course. Souto-Iglesias and Baeza-Romero [62] did a

survey with 1400 students at two universities

throughout a semester and saw that the distribution

of workload was wide. This means that the work-

load of one year might not accurately predict the

next year’s workload.
Kyndt, Berghmans, Dochy and Bulchens [63]

analyzed what contributes to workload perception

by interviewing 40 master’s level students, half in

civil engineering and half in educational sciences.

According to their work, having time is crucial to

experience manageable workload but not sufficient.

Qualitative factors also greatly influence the per-

ception of workload. Students’ motivation, their
intrinsic interest on the subject, their ability to plan,

minimal memorization, students being able to ask

questions, group work where students could choose

their partners and share responsibilities, working

on practical problems, enthusiastic teachers show-

ing examples students can relate to, and well-

structured courses with even workload all contrib-

uted to lower student perceptions of workload even
though workload was quantitatively higher in some

cases. Students often struggled to balance studies

and leisure, feeling that time spent on leisure was

time lost. Taking time off for leisure, however, led to

students feeling more relaxed and gaining a differ-

ent perspective on their studies.

Even though laboratory work is widely used, the

literature on measuring its workload is sparse.
Credit systems for courses differ between the USA

and Europe. In the USA, contact hour is used to

determine the credits for each course, whereas
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universities in Europe use European Credit Trans-

fer and Accumulation System (ECTS) units, which

is based on estimated student workload. Each

ECTS unit accounts for 25–30 hours of work [64].

UoI uses the ECTS and the FM course in ME and

ChE is a 6 ECTS course, meaning that it should
take students 150–180 hours to complete the entire

semester. When looking at the workload of the

laboratory section, it is important to remember

that the laboratory is only one part of the course.

Trying to measure its workload is important none-

theless, especially since there are few studies on

which to base the estimate. It is clear, though, that

decreasing the attendance time for the laboratory
component will decrease its workload. Downscal-

ing the post-laboratory report writing will also

usually decrease the workload [39, 65, 66].

Serval issues related to the possible quality of

laboratory instruction have been discussed above.

Students are important stakeholders and sources of

information. Student evaluations of teaching (SET)

are commonly used in higher education for improv-
ing the quality of teaching and other administrative

purposes [67]. Research conducted on SETs over

the last 30 years suggests that SETs, while they do

have shortcomings, provide valuable information

regarding teaching effectiveness [68] especially

when used along with other assessment tools.

Both formative (midterm) and summative (end-of-

term) SETs are used at University of Iceland and
are an important source of information in this

research.

3. Presentation

3.1 Setting the Scene

The FM course, which the FM laboratory compo-

nent is housed under, is an introductory course to

FM. Its objective is to give students a basic under-

standing of the behavior of static and moving fluids

and the mathematical tools to calculate pressure,

velocity and more in different scenarios. The course

covers topics on incompressible and compressible
flow, pipe flow, open channel flow and dynamical

analysis. It addresses both practical problems and

theoretical analysis using the full Navier Stokes

equations. Students who finish the FM course

should be able to:

� Understand the properties of fluids which affect

flow and pressure.
� Calculate hydrostatic pressure in fluids, both for

simple cases and complicated ones with varying

densities and fluids.

� Calculate forces and moments in hydrostatic

conditions and their effect on fluid boundaries.

� Understand the concept of control volume and

its usage in analyzing fluid mechanics problems.

� Apply conservation laws on fluid flow, in terms

of mass, momentum and energy.

� Conduct dimensional analysis and apply the

rules of similitude on experiments.
� Calculate shear stresses and flow variations in

boundary layers, for both laminar and turbulent

flow.

� Conduct pressure drop calculations in pipe sys-

tems and solve corresponding design problems.

� Analyze compressible flow and supersonic flow,

including the effects of shock waves.

� Conduct experiments andmeasurements on pres-
sure, velocity and force in relation to classical

problems in fluid mechanics.

� Analyze their own experiments and explain

results in light of theory.

Although the laboratory component of the

course ismeant to support all the learning outcomes

of the course, the two last outcomes are directly

linked to only the laboratory component.
Lectures are twice a week for 90 minutes (10

minutes of those are a break) with one 50-minute

(10 minutes of those are a break) discussion section

added at the end of one of theweekly lectures. Every

week, students turn in individual homework that

counts towards their final grade in the course. The

course is concluded with a final exam.

3.1.1 Laboratory Exercises

The laboratory exercises in FM taught in the ME

andChE study programs at UoI total six and are all

mandatory. The exercises were chosen because they

touch on most of the material covered in the course
that is testable with experiments. The topics cov-

ered in the course and not in the laboratory

component are either too theoretical (e.g., the

Navier Stokes equation) or the laboratory equip-

ment needed for those types of experiments is too

expensive for a small engineering department (e.g.,

supersonic flow). The purpose of the laboratory

component is to demonstrate theory and help the
students better grasp the material covered in the

course. A short description of the steps needed to

carry out the experiment is provided for students

online. This description also includes a short theo-

retical background on the subject and how one can

verify the theory. All experiments require a set of

laboratory equipment which can be quite expen-

sive. Since acquiring more equipment is not an
option, only one group can carry out each experi-

ment at a time. This brings up some complications

discussed later. The experiments and the online

instructions have been essentially the same for

years, even though the length of some experiments
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has been adjusted. A short description of each

laboratory experiment is provided in the appendix.

3.1.2 Previous Setup

Until 2016, the laboratory component of the class
was split into 5 sessions (one of those session

included two experiments) of three hours each.

The weekly laboratory component started in week

6 or 7 of a 14-week semester. Students worked in

groups of 3–7. The group size was determined by

the number of students in the class, limited labora-

tory working hours and laboratory equipment. The

total number of groups in 2015 and earlier was
always 10. Five groups were working concurrently,

one on each experiment, so laboratory sessions

were held two days in a row with two instructors

present, the lecture instructor or a teaching assis-

tant (TA) and a laboratory technician. Each group

turned in a full report after each session.

3.1.3 Students’ Concerns – What Sparked the

Changes?

While the instructors strongly believed in the use-

fulness of the hands-on experimentation to help

understand the theoretical terms presented in lec-

tures, students voiced their dissatisfaction. They

claimed that the laboratory component was extre-

mely time consuming and not beneficial enough for

their learning.
After hearing repeatedly of the students’ dissa-

tisfaction with the laboratory component, the

authors decided to seriously address their com-

plaints.Why did this mismatch between the instruc-

tors’ intentions and students’ experiences occur?

The search for a solution started quite randomly

but became ever more scholarly as the academic

staff learned more about and became further
engaged in scholarship of teaching and learning

(SoTL) [69]. The focus was first put on the most

frequent complaint: the workload. As mentioned

earlier, workload predictions will always be impre-

cise. With this reservation, the workload of the

course, including the laboratory section, was esti-

mated to be about 180 hours using the approach

presented in by Sigurdsson [70]. The course was
clearly on the upper side of the workload intended

for a 6 ECTS course. The instructors, therefore,

wondered if a more practical and less time-consum-

ing setup would be possible.

Students also seemed to find that their learning

from the laboratory component of the class was

limited. The instructors concluded that the fact that

the students often performed experiments before
they learned about a subject in lecture was a major

contributor to that complaint. This meant that

learning activities in the laboratory work compo-

nent did not align with the learning taking place in

the lectures, therefore diminishing the constructive

alignment of the course. The students did, and still

do, get guidance during laboratory working hours

and the online instructions mentioned earlier.

Despite this, they seemed to be unable to grasp

the concepts.
The instructors set out to explore a laboratory set

up that would be within the limits of the units

credited for the course and would improve student

learning more than in the previous format. The

curriculum redesign focused on three main tasks:

rescheduling to align coverage in lectures and

laboratory exercises, assessment format changes

and the introduction of postlab discussions. The
changes in assessment were aimed at reducing

workload while maintaining the same learning

gains. The postlab discussions were meant to

further align experiments to lectures to improve

learning outcomes. The changes in assessment and

its effect on students’ experience of workload and

learning have been described in a paper by the

authors’ of this paper [71] and are outside of the
scope of this paper. The focus in this paper is,

therefore, the rescheduling and postlab discussions.

3.1.4 Rescheduling Laboratory Classes

In order to help the students to better grasp the

course concepts, the instructors decided to make

sure the material had been addressed in lecture
before each experiment was performed. The experi-

ments would thus be aligned to the academic

lessons to ensure ease of transfer of knowledge.

The week the material is covered in class is listed in

Table 1. A maximum of one experiment would be

covered every week in order to not overload stu-

dents. This meant that from 2016 onwards, the

experiments would be performed in weeks 3, 4, 9,
10, 11 and 12 (see Table 1). Thismeant, though, that

the experiments were not evenly distributed during

the semester but rather supported and were linked

with the topics dealt with in the class.

For this design to work, taking into account

student number and availability of laboratory

space and instructors, the length of each experiment
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Table 1. Experiments, the week in the semester when material
concerning the experiment is covered in lecture and the week
when the experiment is performed after rescheduling

Experiment

Week
material
covered

Week
performed,
rescheduled

Static fluid pressure force 2 3

Stability of an object in static fluid 2 4

Reynolds experiment 8 9

Pressure drop in a pipe 9 10

Wind tunnel 10 11

Viscosity of liquids 10 12



was reduced from 3 hours to 1 hour. As only one

workstation is available for each experiment, one

group at a time was working with an instructor and

laboratory technician. Thus, the groups obviously

hadmore help, guidance and opportunity to discuss

during the experiment than in previous years. This
helped students be more active and productive in

the time allotted. This is contrary to previous years

when idle time spent waiting for assistance while

other groups were being helped was often consider-

ably longer. Therefore, even though the time

allotted for the experiments was now 1/3 of the

previous time, the tasks in the experiment were not

reduced greatly (repetitions of measurements were
at most reduced by half, see appendix). To repeat,

the laboratory work now consisted of shorter

experiments but still with the same main compo-

nents as previously.

3.1.5 Postlab Sessions

The changes in the laboratory component schedul-
ing now allowed for special postlab sessions that

were added in the second year of the rescheduling,

where the results of all groups were compared and

discussed, and a statistical analysis shown in a

lecture following each experiment. The instructor

presented the statistical analysis and students dis-

cussed it for a few minutes afterwards. No assign-

ment or grade was given for the postlab discussion.
The postlab sessions not only lead to some practical

outcomes like the detection of a systematic errors in

much of the newly renovated equipment but also

further strengthened the alignment between lectures

and laboratory learning. In addition, it encouraged

students to actively share results, something that is

known to increase learning [72]. In this new com-

ponent, all students were dealing with the same
issue. This allowed for student discussion, analysis

and assessment of laboratory results within the

whole class. It also pushed the students into active

inquiry based learning and to a higher level of

thinking according to Bloom’s taxaonomy [73].

When students’ learning was pushed to this level,

they started asking for more types of learning [55]

and more reflective exercises, as mentioned later.
The postlab sessions were incorporated into lecture

hours with no extra assignment to return. It, there-

fore, did not increase the students’ workload.

3.2 Methodology

After making the changes to the laboratory curri-

culum, it was important to find out what effects they

had. To assess the effects, various types of data were
collected. This included the university’s midterm

and end of term surveys, a survey aimed at assessing

the laboratory work only, open-ended questions in

the three surveys mentioned earlier and a focus

group on the laboratory work component. The

midterm and end of term surveys spanned the

years 2014–2019. The laboratory work survey

spanned the years 2015–2019. The focus group

interview was conducted in 2018. Participation in

all surveys and the focus group interview was
voluntary and did not affect students’ grades in

any way. The instructors did not know who parti-

cipated in the surveys.

University midterm and end of term surveys are a

part of the centralizedUoI quality assurance system

and have multiple Likert scale questions and open-

ended questions. Neither of those surveys particu-

larly address the laboratory portion of the class, but
students can address issues related to the laboratory

experience in the open-ended sections, if they feel it

is necessary. Both surveys were carefully analyzed,

and students’ open-ended answers closely read with

the research question in mind. Nevertheless, their

utility in capturing curriculum changes, especially

only to a portion of the class, is limited, and their

results will only be briefly referred to and discussed
in this paper. In order to measure the effects of the

curriculum changes, the laboratory survey and

focus group interview were added. A more detailed

description of those is given in the following sub-

sections.

3.2.1 Laboratory Work Survey

In order to explore students’ attitudes towards the

curriculum changes, a specific laboratory work

survey was created. A survey was chosen since it

gives all students the opportunity to voice their

opinion and is easy to monitor. Tailoring it to the

laboratory component gave detailed answers to

the research question of this paper [74]. The

survey was conducted by the first author of this
paper and was held about a month after the class

had finished and all grades had been submitted. In

order to get specific answers about the laboratory

component, the instructor asked the students to

reply to an online survey focused on the labora-

tory. The survey was essentially the same four

years in a row. It included 5 optional questions

on demographics and an open-ended option where
students could leave additional remarks. The

optional questions on demographics were included

in order to see if the students participating in the

laboratory survey were a good representation of

the demographics of the students who were in the

course. Also, since it was expected that student

course load during the semester, the number of

hours they work external jobs and if they have
children to take care of, might limit the time they

had for their studies, questions on those issues

were included in the survey. In the laboratory

survey, all replies were tailored for the laboratory
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component and more easily analyzable for this

purpose.

3.2.2 Focus Group Interview on the Laboratory

Work Component

Once the university and laboratory surveys of the

past 4–5 years had been analyzed, it was considered

useful to form a focus group on the laboratory

component in 2018 to get more in-depth answers

on some aspects of the laboratory work and the

research question of this paper. A focus group

interview was chosen instead of another survey
because of its flexibility. In a focus group interview,

the conductor can detect a certain theme or concern

immediately and ask the participants to dig deeper

into certain aspects and skip other aspects if they

turn out to be of less concern to participants [75].

This flexibility is not achievable with a survey where

unexpected turns cannot be dealt with immediately

because they are only detected once the survey is
over, and its results are analyzed. The focus group

meeting was held 2 months after the last lecture in

the course and about 2 weeks after the laboratory

survey took place. All students in the FM course in

the fall 2018 received an email asking them to

participate. They were told that participation was

voluntary and that the results would only be used to

improve the laboratory work component in FM. In
total, five students participated in the laboratory

focus group interview: two students fromME (third

year), two students fromChE (second year) and one

student from engineering physics (third year). They

were representative of the demographics in the

course itself. However, four students were female

and one male, which does not rightly reflect the

gender balance in the course. The focus group
meeting was an hour long. It was voice recorded

and transcribed verbatim. The first and third

authors of this paper were present and asked

questions during the focus group interview. The

transcript was analyzed with a thematic approach

[76].

3.3 Findings

In this section, the main results of the various data
collected and used to assess the effects of the

changes in the laboratory work are presented. The

total number of students and the percentage of the

total number of students who participated in the

laboratory survey each year and in the focus group

interview is given in Table 2.

3.3.1 Laboratory Survey

The laboratory survey asked about student demo-
graphics. In general, most participants are full-time

students. Most do not have any external work,

though some report working full time or more

externally. Very few students have children. It is

expected that, in general, family life is not influen-

cing students’ perception of workload. In most

cases, external work is not a large contributing

factor to perceptions of workload and study load
is, in most cases, as expected for full-time students.

The replies to questions on the study program and

year were representative of the student composition

in each year. Overall, students replying to the

laboratory survey were typical students for under-

graduate studies in engineering at the University of

Iceland.

A comparison between the years of the labora-
tory survey on preferred schedule, perceived work-

load and Likert scale questions are shown in Table

3, Table 4, and Table 5, respectively. When the

schedule changed significantly in 2016, so did the

questions in the laboratory survey on the preferred

schedule. The first option shown in Table 3 is the

altered schedule (2016 and later) and the second

option is the previous schedule (2015 and before).
For all years, the option of the original schedule

(#2) was in the survey as well as the option to

choose a different schedule (#7) and explain further

in an open-ended reply. In 2015, the options were to

keep it as it was (#2), spread the work session over a

longer period (#5) and align experiments to lectures

(#6). In 2016 and later, the options were to keep it

as it was (#1), change it to as it was previously (#2),
concentrate it (#3) or have some other schedule

with alignment (#4).

As shown in Table 2 the number of students

participating in each laboratory focused survey

was low,making statistical analysis limited. Despite

that, we did a basic statistical analysis testing if the

means of the Likert scale questions presented in

Table 5 were statistically different. Using a two
sample Welch t-test [77] with the hypothesis that

themeans of the Likert scale questions are the same,

the hypothesis is rejected, i.e. the means are not the

same with 95% certainty when comparing how
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Table 2. The total number (#) and the percentage (%) of the total number of students who replied to the laboratory survey each year and
participated in the focus group interview

2015 2016 2017 2018 2019

# % # % # % # % # %

Laboratory survey 32 56.1 12 41.9 23 52.3 22 61.1 16 53.3

Focus group interview – – – – – – 5 13.9 – –



much students perceived learning in 2015 vs 2016.

That is to say, students reported learning more in

2016 than in 2015. In fact, with 95% certainty,
students reported learning more in 2017 than any

of the other years. With 90% certainty, it can be

stated that students reported learning more in 2019

than in 2015. As for enjoying the laboratory,

students reported enjoying the laboratory more in

all years after the change (2017, 2018 and 2019) than

before the change (2015) with the exception of 2016,

where the difference in the Likert scale means is not
statistically different with 95% certainty.

In analyzing the results of the laboratory survey,

four main themes were detected: alignment/sche-

dule/transfer, purpose, postlab sessions, and length/

workload.

Alignment/Schedule/Transfer

Table 3 shows clear dissatisfaction with the pre-

2015 schedule. Less than 30% thought the schedule
of the laboratory was appropriate, but most stu-

dents thought that spreading the sessions out more

evenly rather than having fewer aligned with when

the material is covered in class was appropriate.

What is interesting is that less than 16% of students

participating in the laboratory survey in 2015 saw

the merit of aligning lecture coverage and the

experiments. One student did, however, mention it
in the open-ended question.

‘‘Thought the schedule was fine, but it would possibly
be smart to make sessions where the laboratory work
and lectures were intertwined. I think they would
support each other better.’’ (2015)

Improving Student Learning Experience in Fluid Mechanics with Lecture/Lab Alignment and Post-Lab Discussion 271

Table 3. Comparison of replies on the preferred laboratory schedule in the laboratory survey 2015–2019. If a question or option was not
included in that year’s laboratory survey, it is indicatedwith – . The laboratory survey question on preferred scheduled in 2015 (before the
changes) differed significantly from the same question in that survey in later years. Only two options (#2 and #7 in the table) on schedule
were available in the laboratory survey before and after 2015. Before the changes in schedule, two options (#5 and #6) were available that
were not available later. After the change, two new options (#3 and #4) were added. If a student did not agree with the given options, they
could always use option #7 and leave an open-ended reply

2015
%

2016
%

2017
%

2018
%

2019
%

Preferred schedule

#1: 6 experiments each 1 hour long when material has been
covered in class beforehand (as was 2016 and later)

–
50 100 100 93.8

#2: 5 experiments every week, 3 hours each, material not covered
before lab (as was 2015 and earlier)

28.1 0 0 0 0

#3: Rather fewer but longer experiments – 8.3 0 0 0

#4: Some other schedule where material is covered before lab in
lecture

– 25 0 0 0

#5: 5 experiments every other week, 3 hours each, material not
covered before lab

40.6 – – – –

#6: 3 times over semester, 1–2 experiments at a time after
material had been covered in lecture

15.6 – – – –

#7: Other, explained in open ended reply 15.7 16.7 0 0 6.2

Table 4. Comparison of replies on perceptions of student workload in the laboratory survey 2015–2019

2015
%

2016
%

2017
%

2018
%

2019
%

Perceived workload

Too heavy 28.1 16.7 0 0 0

Heavy 43.8 66 7 26.1 9.1 12.5

Just right 28.1 16 7 73.9 81.8 81.3

Light 0 0 0 9.1 6.3

Table 5. Comparison of replies on the 5-point Likert scale questions in the laboratory survey 2015–2019. If a question or option was not
included in that year’s survey it is indicated with – . Standard deviation is within the parentheses below the Likert scale value

Question 2015 2016 2017 2018 2019

I learned a lot from the laboratory 3.78
(1.10)

4.42
(0.51)

4.83
(0.49)

4.09
(0.61)

4.19
(0.40)

I enjoyed the laboratory 3.56
(1.16)

4.00
(0.74)

4.13
(0.55)

4.41
(0.59)

4.44
(0.51)

I learned a lot from the coverage on systematic
errors in lecture based on the results of the
experiments from all groups

– – 3.74
(1.14)

4.14
(0.56)

4.19
(0.91)



In 2016, half of the class liked the new schedule, but

a quarter would have liked some other schedule

with the main requirement that the material be

covered in class beforehand. A few would have

liked fewer but longer experiments. In 2017 and

2018, all students replying to the laboratory survey
preferred the new schedule. In 2019, all but one

student answered the same way. The only student

suggesting a different schedule in 2019 would have

liked 3–4 laboratory sessions that were longer and

more comprehensive. It is interesting to see that,

before the alignment had been accomplished, few

students realized its benefits. Once it had been

established (2016 and later), students wanted to
keep it as it was.

‘‘We saw what we had just learned in lecture and could
connect it to something tangible, I think that is very
important in engineering studies.’’ (2018)

Purpose

In Table 3, it is striking that almost 16% of the

students replying to the survey in 2015 chose the

other option and further indicated in an open-

ended reply that they did not see the purpose in

the laboratory and wanted to have a numerical
projects or a visual lab instead of the laboratory.

This resonates well with other open-ended replies

given that year.

‘‘Some of the experiments could be demonstrated by
the instructor without students doing anything.’’
(2015)

They claimed that the laboratory component was

not useful.

‘‘Too much time goes into figuring out how the
equipment works and then repeating the same proce-
dure over and over with a slightly different set up.’’
(2015)

Some students, however, did see merit in the

laboratory component.

‘‘Fluid mechanics is one of the most practical courses
in ME, very important to have laboratory work in
order to get a deeper understanding of the subject.’’
(2015)

Once the laboratory schedule had been altered, no

open-ended replies in the laboratory surveys sug-
gested an alternative to the laboratory work com-

ponent, and many addressed its importance.

‘‘The laboratory component gave good insight into the
material covered in the course, so it is important to
have it included in the course.’’ (2016)

‘‘FM has the best laboratory work component I have
participated in because its focus is on understanding
and not postprocessing and 99% precision. This leads
to a much deeper understanding.’’ (2019)

As the students started to see the purpose of the

laboratory, they perceived the learning from it, and

they showed increased satisfaction (see Table 5).

This is in agreement with previous findings [10].

Postlab sessions

The postlab sessions were introduced in 2017. In
Table 5, it is clear that the students moderately

agreed that they learned from the covering the

systematic errors from the results of all groups

combined in 2017 but strongly agreed in 2018 and

2019. Although there were no open-ended replies

concerning the postlab discussions in the labora-

tory survey, the postlab sessions are likely to have

contributed to an improvement (see Table 5) in
students’ experiences of learning as well as in the

general increase in students seeing the purpose of

the laboratory component (see Table 3).

Length/Workload

In Table 4, it is clear that the workload in the course

before the change was perceived to be too high. This

is further supported bymultiple open-ended replies.

‘‘The laboratory work component is good but the
workload was so immense that most could not work
as well on it as they might have wanted.’’ (2015)

The percentage of students who thought the work-

load was too heavy during the laboratory sessions
went down from 28% in 2015, to 17% in 2016 and

zero in 2017–2019 along with the change in sche-

dule. In 2016, less than 17% of students considered

the workload just right. The experiments had been

shortened, but students complained about the time

they needed to put into the experiments, sometimes

due to the lack of assistance as an instructor was not

present that year.

‘‘The schedule would have been fine if it had just taken
1 hour, the experiments need to be shortened.’’ (2016)

‘‘The teaching assistant and the laboratory technician
often did not know the postprocessing in detail which
slowed us down.’’ (2016)

In 2017–2019, an instructor attended the sessions

and made sure the length of each experiment was as
intended. This significantly increased the propor-

tion of the students that thought the workload was

just right, as was further supported by open-ended

replies.

‘‘I thought the schedule was nice. It was only 1 hour.’’
(2017)

One student, however, wondered if the laboratory

sessions should be longer:

‘‘I think one-hour experiments is a bit too short, but 4
hours is too long. I would have liked to have them 2
hours with a bit more extensive experiments.’’ (2017)
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3.3.2 Focus Group

The results of the midterm, end of term and

laboratory surveys give an overview of how the

majority of students felt about the laboratory

component. In order to get a more in-depth under-

standing of the results, a focus group around the

laboratory component was conducted.

The focus group results on group work and
workload with respect to assignment format have

already been reported in a previous paper [71].

Here, they will be discussed with respect to the

new schedule. In the earlier paper, it was also

reported that, when the students of the focus

group stated what they believed they had learned

from the laboratory component, they listed all the

learning outcomes of the laboratory component
and more. The three themes detected in the focus

group not linked to assessment are alignment/

schedule/transfer, postlab sessions and length/

workload.

Alignment/Schedule/Transfer

All the students in the laboratory focus group

interview confirmed the results of the laboratory
survey, that they thought the new scheduling of the

laboratory component was ideal for their learning.

One described the laboratory component as being

‘‘concise and fitting.’’ They thought the number of

experiments was appropriate for covering most of

the material in class. They thought that the link

between lectures and laboratory section was essen-

tial and that it was important to have covered the
material in class before doing the experiment. They

also stressed the importance of alignment in time,

i.e., that there should not be toomuch time between

coverage in class and the execution of the experi-

ment. Covering the material in lecture a week or

two before doing the experiment was considered

ideal. By doing that, the participants felt they were

able to follow the online instructions and have a
clear understanding of what they were doing, in

contrary to what they had experienced in the

laboratory components of other courses.

‘‘I remember other laboratory sessions where we did
the experiment and a few months later covered the
material in class and then finally had an aha moment.
‘That is why I was supposed to do this in the experi-
ment.’ At the time of the experiment, a teaching
assistant told us to do this and then this, but we
didn’t know why or what we were doing.’’ (focus
group 2018)

The importance of fluent transfer of knowledge was

also stressed, and all students agreed that it was
important for the instructor to be present during the

laboratory session and not a teaching assistant,

unless the teaching assistant had attended lectures

and was well trained in the experiment and, most

importantly, in the analysis of the experiment. They

said that this allowed the lecturer to point out the

link between the experiment and lectures.

‘‘This is just as we did in this example. This is just as the
question that came up in lecture.’’ (focus group 2018)

Postlab sessions

The students in the focus group interview thought

going over the results of the experiments from all

right after the experiment (postlab sessions) not

only helped them further understand the concepts

but the transfer of knowledge between the experi-

ment and lecture was aided by the post-lab discus-

sion:

‘‘I thought it was clever when the instructor came in the
next lecture showing us the results of all the groups.
Then I thought about the experiment one more time.
Also comparing your results with other groups and if
what you were getting was somehow odd.’’ (focus
group 2018)

On student suggested that more reflective questions

could be added to the material.

‘‘Maybe more questions could be added on why some-
thing happens or the reason for something. . . where
you have to explain and think outside of the box.’’
(focus group 2018)

Once presentedwith this idea, other students agreed.

Based on this result, it was decided to add reflective
questions to the online instructions in 2019.

Length/Workload

The students in the focus group were content with

the workload and the length of the laboratory

sessions.

‘‘I thought the number of experiments was fitting. Also
because they were so short, it was OK to have this
many.’’ (focus group 2018)

They liked the laboratory component and consid-

ered it a good way to break up the lecture focused

learning. They believed this was because the labora-

tory work was short, it was clear to them what was
expected from them, and the experiments were

related to the material covered in lecture. The

students thought that the online instructions for

the laboratory work were good, easy to follow and

fitting in length. Students, however, suggested that

the instructions could be improved by pointing out

where to find further reading in the book and as

mentioned previously, by adding reflective ques-
tions for students that force them to think more

deeply about the subject.

4. Discussion

Although the midterm and end of term university

surveys were not directly useful in analyzing the
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effects of the changes in the laboratory component

of the course, it is worthmentioning that their open-

ended replies were useful for sparking for this

journey. The open-ended replies in those surveys

also significantly improved with the changes in the

laboratory work. Judging from all measurements,
students generally perceived that the laboratory

component was more enjoyable and reported

increased learning as the years progressed, with a

slight dip in 2018 in the laboratory survey. The

change in schedule was met with greater student

satisfaction; students feel they learned more from

and complain less about workload. The addition of

the postlab discussions also seems to enhance their
learning. As the years passed, the students seemed

to be almost completely satisfied with the new

schedule and modes of learning.

In the focus group, general contentedness was

with the laboratory component, with a few

improvements suggested. The online instructions

need more thought provoking questions and a

clearer reference to the textbook. The focus group
thought the most important part of the laboratory

component was how closely it linked to the lectures,

no more than a week or two apart and that there

was a review in lecture right after the experiment.

Furthermore, they considered it important to have

the experiments and postprocessing short and that

the instructor attends the laboratory work sections.

The fact that students think it is important that the
coverage in lecture needs to be close in time to the

corresponding experiments means that pure labora-

tory work courses are not very beneficial to their

studies.

In this paper, curriculum changes only focused

on the scheduling part of the laboratory work and

not how the laboratory work was taught, except for

more assistance being available in the new schedule.
The laboratory work in question in this paper,

currently and previously, uses expository instruc-

tion, since the procedures are given [71]. The lack of

interpretation of results is usually themain criticism

of expository instruction [51] but in this laboratory

component great emphasis has always been put on

the interpretation of results. It may be argued that,

because the previous set up lacked links between
lectures and laboratory exercises, causing students

to be ill prepared for the experiments, the earlier

laboratory instruction was more discovery based

[51]. It is also worth mentioning that the addition of

the reflective questions in 2019 pulled the labora-

tory component more towards inquiry based

instruction [51]. Inquiry based instruction is con-

sidered leading to higher order thinking processes
than expository and discovery instruction. It would

be interesting to see how the ideas of problem-based

learning could further increase learning in the

laboratory section, but that wouldmean completely

rethinking all the experiments and is outside of the

scope of this paper.

If we recall the research question listed at the

beginning of the paper:

� Do the curriculum changes in the laboratory

component address students’ concerns about

the workload, learning and purpose of the

laboratory component?

The new schedule of the laboratory work com-

ponent, where an experiment is conducted 1–2
weeks after covering the material in class and with

a short review in the following lecture, was able to

improve links between lecture coverage and experi-

ments and encourage shared learning in postlab

discussions, while also reducingworkload. Students

like the new schedule more, feel like they learnmore

from it, feel like the workload is less than previously

and seem to be able to see the purpose of the
laboratory work, which was not always the case

previously. Besides that, the changes in the labora-

tory section seem to positively affect students and

address their concerns. These results are also some-

what supported by other results in the literature [14,

37].

4.1 Next Steps – Changes 2019 and Later

In addition to having a new schedule, the following

steps suggested by the data were taken in the fall of

2019. It is crucial to have the instructor attend

laboratory section instead of a TA or at least to

make sure the TA is very well prepared. The TAs

claimed to be well prepared, but the students did

not agree. Using TAs has been shown to be fruitful

in team-based teaching in laboratories if the lead-
ing instructor is a highly skilled teacher [78]. In

team-based teaching, multiple teachers are present

in the classroom at once. Nikolic, Suesse,

McCarthy and Goldfinch [78] conclude that this

maximizes resource allocation at little cost to

students experience. This was, however, not the

experience in our laboratory setting, perhaps

because either a TA or a teacher was present in
each laboratory session. Technically, this is not

considered team-based teaching. It is also impor-

tant to address group size early and add more

laboratory sections to the schedule if the group

size is greater than 4 [71]. It would also be an

improvement to add learning outcomes for each

experiment [1] so students are more aware of what

is expected of them. The addition of thought-
provoking or reflective questions on the subject,

as the focus group of 2018 called for and was done

in 2019, was a major improvement. The laboratory

survey in 2019 showed that students experienced

learning from the reflective questions (M = 4.50 SD
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= 0.52 out of 5 on a Likert scale) and enjoyed

tackling them (M = 4.25 SD = 0.93 out of 5 on a

Likert scale). In addition to student approval, the

reflective questions are clearly pushing the labora-

tory work to be more inquiry based instruction,

which has been linked to higher order learning [51].
Adding to the written online instructions, more

direct references to the chapters in the book as

the focus group asked for was done in 2019 and

should be an improvement. In 2021, four-minute

preparation videos for each experiment were added

to the online material. Also, two-minute videos to

aid filling in the Excel sheet for each session were

added to the online material. Students seemed to
like this addition, but it remains to be seen in the

laboratory focused survey at the end of the seme-

ster how much they consider those two changes

help.

4.2 Drawbacks of the Curriculum Changes

The new schedule has a lot of advantages but is not
without flaws. One flaw is that, even though the

time the students spend on the laboratory work has

been reduced, the amount of time the instructor

spends has increased because now only one group

works at a time. In the new schedule, the instructor

needs to be present for a total of 48 hours for the

laboratory work sections each term (4 hours each

session, 2 times aweek for 6weeks) as opposed to 30
hours previously (3 hours each session, 2 times a

week for 5 weeks). If the number of sessions each

week needs to be increased tomake sure the number

of students in each group does not exceed four, then

even more of the instructor’s time is required. This

may occur more frequently in the new schedule

since the new schedule accommodates 8 groups,

whereas the old accommodated 10 groups. This
occurred in the fall of 2021 when 79 students

signed up for the course meaning the number of

groups, and therefore the attendance of instructor

in the laboratory, needed to be doubled from the

setup described in this paper. Having the assign-

ment format reduced from a full report [71] does,

however, reduce the time for grading and may

compensate for the extra time spent attending the
laboratory work section up to a point. Despite the

extra work for teachers created along with the new

schedule, their primary reward is in increased

student learning and satisfaction.

Having the experiments one to two weeks after

the material on the experiment is covered in lecture

means that the experiments are not evenly distrib-

uted throughout the semester, and some experi-
ments are quite late in the semester. Even though

this may be inconvenient, it seems like the students

feel the drawbacks from this scheduling is fully

compensated for by the gains.

4.3 Limitation to Study and Further Thoughts

There are a few limitations to the analysis in this
paper. Relatively few students participated in the

study, and it has not yet been replicated in other

courses. It is, nevertheless, an ongoing study, where

data has been collected repeatedly over 6 years and

results have been used to constantly to improve

student learning experiences. Only one focus group

was conducted towards the end of the study. This

study has limited statistical analysis. The study
measures the students’ perceptions of their learning

and workload but does not measure those factors

directly. Reducing the amount of time students

spend on laboratory work obviously reduces their

workload. It also seems logical and is supported by

other studies in the literature [13, 14, 37], that

aligning the laboratory work to the lectures would

increase their learning. Directly measuring whether
learning increased with the changes is difficult

though because the cohort of students varies from

year to year, as does their academic proficiency.

Reusing questions for the final exam in the course is

not an option since students have access to all

previous exams. However, it has previously been

shown that positive perceptions of laboratory work

does increase learning outcomes [10]. Despite the
limitations to this study, the authors of this paper

believe that its findings clearly show how aligning

laboratory work with lectures and reducing the

number of hours in the laboratory can increase

learning if done in a well-designed manner. We

also believe that this study can be a solid starting

point for further study on the subject.

Findings in the literature suggest that there is a
lack of clear laboratory learning outcomes that

needs to be address by teachers responsible for

laboratory instruction and at the program level to

better ensure constructive alignment. The learning

outcomes in this course were listed in section 3.1 of

this paper. They fall into the categories of instru-

mentation, models, data analysis, and communica-

tion of the ABET (Accreditation Board for
Engineering and Technology) laboratory learning

outcome established in 2002 [11]. An analysis of the

learning outcomes for our laboratory demonstrates

that, although learning outcomes on teamwork and

sensory awareness are not specified, these are indeed

an important part of the course. The learning out-

comes in our course should be updated accordingly.

The learning outcome ABET requires for accredita-
tion are under constant review and the laboratory

learning outcomes are now incorporated into the

general learning outcomes of a program. As ana-

lyzed in our previous paper on assignments in

laboratory work [71], students themselves list the

learning outcomes of the laboratory component
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when asked what they gain from it even when

returning different assignments than lab reports.

Their learning on fluid mechanics is the same from

these alternative assignment formats but they do not

get trained in report writing. Report writing is an

essential skill for engineers, but as long as students
do get sufficiently trained in report writing in their

bachelor studies, it does not need to be addressed in

every single course in the study program.

When starting this journey, the first and second

authors of this paper where normal academic staff

members in engineering. They were experiencing a

mismatch in teachers’ intensions and students’

perceptions, causing wide student dissatisfaction,
which is common [79]. In dealing with the issue,

they learned that it must be tackled in a systematic

and scholarly way, as with all their research. While

digging into the problem, their approach changed

as their educational knowledge and experience

increased. At first, they thought the traditional

midterm and end of term surveys would be suffi-

cient to guide them in solving this issue. They
quickly realized that the surveys needed to be

more focused on the laboratory component in

order to shed light on the issue. It became clear to

them that forming a special laboratory survey was

necessary. They even foolishly thought that one

iteration of improvements, based on previous lit-

erature, would be sufficient. However, they learned,

a bit by trial and error, that the laboratory survey
and the solutions needed to be adjusted yearly,

mostly in the second year.

The addition of the postlab discussions came

from both the literature [72] and students asking

for more ways of learning and more reflective

thinking. The focus group interview was a new

research method for the engineering academic

staff, as they were not familiar with qualitative
research methods in engineering. The focus group

interview, although challenging for first timers,

turned out to be fruitful for digging deeper into

the unknown issues and confirming previous find-

ings. For an outsider, the improvement processmay

seem random at times and, admittedly, would look

different if we were planning this research now that

we have acquired more knowledge and experience
in research in higher education. However, this

journey was fruitful both because students now

have an improved laboratory component and

because, with our attempts, we have become famil-

iar with the higher education research literature,

which will benefit us in improving our teaching in

the future. Furthermore, we have felt compelled to
share our findings as they may be useful for others

in similar situations and contribute to higher educa-

tion research literature [71]. We wouldn’t be sur-

prised if our journey of improvement may be

considered to be rather typical journey of academic

staff developing from sincere teachers to full on

SoTL [80].

5. Conclusion

In this paper, we have discussed the procedures and

outcomes of a curriculum development project.

Aligning experiments to lectures and adding post-
lab discussions increased student satisfaction and

learning, while being less time consuming for stu-

dents. Other important issues in the laboratory

work component were that the instructor was

present during the experiments and adding more

thought provoking questions into each experi-

ment’s online instructions.

Finding a solution to a teaching problem that fits
both students and instructors is, in most cases,

feasible. When searching for such a solution, it is

crucial to do so in a scholarly manner. One needs to

bear inmind the intended learning outcomes and an

appropriate workload for students. Searching the

literature for existing solutions is crucial, as is

measuring all possible aspects and changes. Reach-

ing such a solution takes both time and labor, but
the possibility of vast gains makes it worth the

effort.
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Appendix

A short description of each experiment was given in
a paper by the authors of this paper [71] and for

clarification repeated below. An image showing

each experimental set up has been added to the

description. All the laboratory apparatus was pur-

chased from Armfield Limited, but most have been

adjusted since. An explanation of those adjust-

ments has been added to the description below.

In the static fluid pressure force experiment,
students increase the water level in a tank and

simultaneously add a load to a lever. The momen-

tum of the added load, along with the distance from

the lever to the center of gravity of the area under

water, is used to determine the static fluid pressure

force on that area. Fig. 1 shows the experimental

setup of the static fluid pressure force experiment.

The original length scale on the apparatus, shown at
the middle of Fig. 1, is both coarse and too short.

Therefore, a new measurement system to measure

the height of the water level, was added to experi-

mental setup. Themeasurement system consisted of

a bent rod with a pointed pin at one end and

connected to a Verner caliper at the other end.

Due to capillary effects, it is clearly detected when
the pointed end touches the water level. The Verner

caliper used had accuracy of 0.1mm. The apparatus

had originally no system to provide water. This was

solved by adding a 5L bottle connected to the

apparatus with a small soft tube. When water is

supposed to flow into the apparatus the bottle is put

at a higher elevation than the apparatus. When

water is supposed to flow out of the apparatus
the bottle is put at a lower elevation than the

apparatus.

In the stability of an object in static fluid experi-

ment, a raft floats on still water. By measuring the

center of gravity, the center of buoyancy and the

angle of tilt produced while a load is offset from the

center of the raft, the distance from the center of

gravity to the metacenter is determined. Fig. 2.
shows the experimental setup of the stability of an

object in static fluid experiment. The Plexiglas

container holding the still water that the raft floated

in was made by the laboratory technician.

In the Reynolds experiment, students observe

flow in a transparent pipewith an indicator showing
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Fig. 1. Experimental setup of static fluid pressure force experiment.



the streaklines. The transition between laminar,

transient and turbulent flow is determined by vary-

ing the volume flow rate. Measuring the volume

flow rate, the transition Reynolds number is deter-

mined. Fig. 3 shows the experimental setup of the

Reynolds experiment. Originally, the apparatus

was supposed to stand on a pump with water

circulating. We decided to mount the apparatus

on the wall and connect it to the laboratory sink.

Water could then be controlled by using the faucet
on the sink. The wastewater went down the drain.

This was done because prolonged circulation of the

water made the visibility of the ink difficult since the

amount of ink present in the water increased with

each cycle, making the water more and more

colored. Since the ink in the tube was used to

show if the flow was laminar or turbulent, it

became nearly impossible to detect the streakline
after a short while. It should probably be noted that

Iceland has no water shortage, and this set upmight

not be advisable where water conservation is impor-

tant.

In the pressure drop in a pipe experiment, students

work with a pipe bench. They measure the pressure

drop in a pipe for various flow velocity and compare

these to the theoretical values using the Moody
diagram. In longer (earlier) experiments, three

pipes were explored but the shortened experiments

used two pipes. Fig. 4 shows the experimental setup

of the pressure drop in a pipe experiment. This

apparatus came on wheels and tilted slightly. At

its tallest, it was at approximately the hip height of a

person meaning that students would need to kneel

or bend while working on the experiments. We
considered this to be bad working conditions and

mounted the pipe bench the wall at a height that

allowed students to stand during the experiment.

The pipes where then at the height of most student’s

torsos or heads. Instead of using the pump provided

to insert air into the manometer, we use airpipes in

the laboratory.

In the wind tunnel experiment, the drag force on
various objects in a subsonic wind tunnel is mea-

sured and compared to the theoretical values. In

longer (earlier) experiments four objects were

explored: sphere, disk, concave hollow half sphere

and convex hollow half sphere. In the shorter (later)

experiments, only the sphere and disk were used.
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Fig. 2. Experimental setup of the stability of an object in static fluid experiment. The picture on the left shows a zoom into the load on the
raft that is moved side by side.

Fig. 3. Experimental setup of the Reynolds experiments.
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Fig. 4. Experimental set up of the pressure drop in a pipe experiment.

Fig. 5. Experimental setup of the wind tunnel experiment. On the left figure the four objects inserted
(initially) to the wind tunnel are shown. The stick is always located downstream of the object.

Fig. 6. Experimental setup of the viscosity of fluids experiment.



Fig. 5 shows the experimental setup of the wind

tunnel experiment and the objects inserted into the

wind tunnel. The wind tunnel was renovated within

the last 5 years, but the objects inserted into the

wind tunnels are from previous versions of wind

tunnels from Armfield (probably up to three dec-
ades old). Apparently, the pin holding the objects

has changed between those two versions of wind

tunnels from Armfield. This meant that the labora-

tory technician needed to adjust the mount where

the objects were inserted. The scale measuring the

force on the objects inserted need to be adjusted as

well.

In the viscosity of liquids experiment, the viscosity

of three liquids, unknown liquids are determined by

measuring the terminal velocity of tiny spheres free

falling in still liquids. Terminal velocity is achieved

when the drag force on the spheres and gravity are

in equilibrium. From the measured viscosities,
students determine what liquids are used in the

experiment. Fig. 6 shows the experimental setup

of the viscosity of liquids experiment. This is the

only apparatus that has not been recently reno-

vated, meaning that it might be up to three decades

old. The liquids used are glycerin, castor oil and

engine oil.
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