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1. Introduction
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1.1 Thestudent journey in th&uperlab
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Figurel: A view across the Superlab, showing Bioscience students at work on the opetopsnieproduced
with permission from Nottingham Trent Universithis image shows a clear view of approximately half the
length of the laboratory, with several long benches and many students undertaking experiments simultaneously.

1

Figure2: A student standing at a fume hood in the Superlab, with the camera looking into the fume hood bay
reproduced with permission from Nottingham Trent Univer3ibjs image shows the high ceilings and bright
lighting of the environment, as well as the large fuh@od bays.
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1.2 The Superlab environment

Key

Containment Areas

',j:?;f Main Superlab
B Fume hoods
E Student lab coat lockers

Staff preparation areas

Non-containment Areas

.. Personal effects lockers

=}
=
~

Instrumentation lab

Break out area

[0 000000 oY

Figure 3: The Rosalind Franklin building ground floor plan, showing the Superlab in purple, decontamination areas arddeérsaa blue, and personal locker spaces in green.

¢KS {dzZLJSNI 6 SY@ANRYYSYy(l A& aiAbdae]SB ngiBOKYKAKGSa wRIHBEIA MRo EWNI ¥l OA A 6 824 €
lylFfealOlf /KSYAAGNR f1 02N G2NE 6fAYS INBSYL K2dzaAyada V20 RARBOILE DFgVYys
O2yiGFAYSR SAGKAYY (IKYBRORKNENBYXSH G & NBal YL S&a Ydzad 6S RAAAYFTFSOGSR 0ST2NB
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Figure4: Atypicalstudent journey through the Superlathere is variation by module, level and staff member, but the features indicated are common to all teaching sessions in 1
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2. Literature review.

2.1 Learning Theory
¢tKAa aS0Oe2y A& |y 20SNWASS 2F fSINYyAy3a GKS2N
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A 2 oA AN
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FYR YSF&dNAYI € SENYAYI Ay G(GKS GSFHOKAYy3 f1o2N

2.1.1Theroetical views of learning

Constructivism
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05 yAST aF iRnG KRS AYy(iSN}Y Oa2y 060SGoeSSy GKS | Rdz
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2.1.2 Experiential Learning Cygleearning by doing.
Y2t 0QaSELASINANSY o I £ f ST NYAYy 3 DRST NED dErnIpaR3afo 2drUPR/ )
t Al 3SEQa a20Atf O2yadNUzO0a@AaY YR AYydiSaANIGSA
O0SKIF@A2dzNJ St SYSyidaz FAYAy3a (G2 NBO2yOAtS (KS
02y aiNUzOsa BA&YD 9ELISNASYyosl t  SHINYAlYYE 2AYWRSY odlS &
ARSYaUSR 2y0OS I (UNYYAT2NXNIo2ypi @ V2a) SYRBEXO
GKIFG ARSIF& FNB YIftSIoftS FyR OKFy3aSFofSzT NI
SELISNASYyOSad ¢KAEA OKI yIXo ROOUNENESODKENB: ¢85 iR
AYTF2NXYIFo2y OlFdz&aSa O2ybAlil 6AGK LINA2NI KSER 685
ARSI & (G2 002YY2RI(GS ySé dzyRSNEGI YyRAY3 6KSyYy
0az2ZNNA@St wnBRDH NBFSNNBR (2 GKA&A RSadGloAtATLl o
O2YY2ylfAaSa gAGK O23ayAa@S RAAA2YIYOS | & LINZ
AYT2NXIa2y R2Sa y2i IEINBS GAGK LINA2NI KStR 0685
S Fd 2y0S®d ¢KNRdAAK (GKS

G2 AyO2YLIl a06fS 06StAST
SELRAaSRI lytrfteaSR: FyR NSézfééﬁ o0& GKS &addzmes

00(\0\' ete Exper, ien, Co

Disorientating

Reintegration :
9 dilemma

(2] Gain Self-examination
5 Knowledge
=  toimplement Sense of % ()
S plans alienation o o
%'. X o
8 3
E Build Relate @ o
@  confidence discontent 2 &'
‘5 innew ways to others o =
7)) =)
(M)
7 Planning Coursé  Explaining options
of action for new behaviour
5
4:stract conce®t A
d generalisat™®
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2.1.4 Models of learning
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Domains of learning
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Bloom's Taxonomy
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Figure6: Bloom's Taxonomy reproduced under creative commons li¢¢asely CFT, Creative Commons
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The psychomotor domain
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Tablel: Psychomotor taxonomies as developed fidague (2016and Neagru et al(2020)with additional information fromWu et al. (2007)
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The affective domain
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2.2. Pedagogic approaches to the teaching laboratory.

2.2.1 What is the teaching laboratory?
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The history of the teaching laboratory
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2.2.2 Instructional methods in the teaching laboratory
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Instructional models within the teaching laboratory

Types of laboratories
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Table2:Laboratory instruction styles, as definedymin (1999)

STYLE DESCRIPTOR
\ Outcome Approach Procedure
EXPOSITORY ' Predetermined Deductive Given
INQUIRY \ Undetermined Inductive Student generated
DISCOVERY ' Predetermined Inductive Given
PROBLENBASED | Predetermined Deductive Student generated
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2.2.3 Aims of Teaching Laboratory Sessions

Staff perceptions of the aims of the teaching laboratory
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Student perceptions of the aims of the teaching laboratory
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Table3: A table of the aims of thlaboratory, collatedrom selected literature. The selection of aims displayed in this table is not intended to be exhaustive but represagsytire v

discussion of aims within the literature.

Safety
Risk assessment

General experimental competence, including using apparatus or

technique

Understand quantities/concentrations
Understand chemical terminology
Observation and recording data
Reporting data

Data analysis including interpretation

Scientific thinking

Experimental design, project design, Hypothesis formation

Independence in practical work

Critique an experiment (accuracy, precision, reliabilignd validity)

Critical Thinking

Problem solving (in relation to the laboratory), formal operational

thought

Confidence

Learning from mistakes
Professional behaviour
Data analysis

QAA Subject
Benchmark
Chemistry
2022 *

RSC Accreditation of Kirschner, Meester
Degree Programmes (1988)
2022 **

Literature review of

Higher Education
X

Studentcentred
objective

Specific objectives
Specific objectives
Studentcentred
objective
Specific objectives
Studentcentred
objective
Specific objectives
X Specific objective
Specific objectives
Studentcentred
objective
Specific objectives

X X X X X X X X

X Specific objectives
X Specific objectives
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QAA Subject
Benchmark
Chemistry
2022 *

Improve student attitudes to chemistry
Student ownership or independence
Improved retention of information / concepts

Motivation including enjoyment
Applying understanding

Practical exam requirements

Elucidate theoretical work to aid comprehension
Verification of facts

Finding facts by investigation

Making phenomena real

Communication of experimental process

Understanding the scientific method
Organisation and time management

QAA Subject Benchmark Chemistry 2022 * This benchmark statement has aims for a whole course, and it is challenging tialswatiary-specific aims.
RSC Accreditation of Degree Programmes 2022 ** Has cewide aims, and it is challenging to isolate laboratespecific aims.

RSC Accreditation of
Degree Programmes

2022 **
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2.2.4 Strengths of the teaching laboratory as a learning environment
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2.2.5 The teaching laboratory as a complex learning environment

Information processing in Chemistry
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Representational models and symbolism in chemistry.
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Figure7: Johnstone's triangle of chemistry learning, reproduced ffohmstone (1993)
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Misconceptions and troublesome knowledge and threshold concepts in Chemistry
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Mathematical understanding and preparedness
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Information processing within the teaching laboratory
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Figure8 :Sources of "noise" within the laboratory, developed fdmhnstone 1982.
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2.3. Technolog¥nhanced Learning

What is technology?

Ly (SO&yRIEYASR fSINYyAy3a fAGSNI GdzNBx 2DSy GKS
GAUK GiSOKy2f238éx GYSRALFE YR GRAIAGEE GSOK
| RRA o XWAINQ 162 R g AYRROBGSHAKMANG ¢SOKy2f238 9yKI
RSUYSRDSYRddzaSR AYyGSNODKIy3aSlIofte F2NI 620K GKS
SY@ANRYYSyYyGsZ YR GKS tSFNYyAy3a GkKF-d Aa Gr1Ay3
C2NJ GKS LldzN1J}2asSa 2F GKAa adgdzRezr (GKS F2fft26AYy

f ¢22fNB AdGSYa GKIFIG dzaSR Ylydzaftfte (42 O2YLX S
O2YLX SGS I aLISOAUD YirydzZ t GFalz SEFYLX S&

1 ¢SOKy2a2HB¥e RSOAOS dzaSR o6& | aiddzRSyida G2 C
SiSO0a@S YIYyYySNI (iKly (KS& O2dA R 20KSNBAAS>
RAIAGEE (SOKy2t23AS84as SEI YL S& AyOf dzRS RA

f 5A3AGEHE ANBOWMNRdRIABRFT (SOKy2f 238yl §RSRBEFSNA
1SOKy2t23AS8SaY 6KSGKSNI O2yySOGSR (2 (GKS Ay
AYINI LK2ySaX yR &a42DgFNB | LILX AOla2yad

f 'yIft23dS ASO0ANRHARRT (SOKyz2f23e GKIG AyOt
y2i O28yldaS8R: F2NJ SEFYLX S G2+ &aidSND

1 ¢SOKy2f238 9yKI VGASR y[SIf N Ny yde SELISNRA Sy O
RAIGAGEE G(SOKy2t23ASad

38



2.3.1 What is Technolodggnhanced Learning?
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Table4: Examples of technology enhanced learning terms.
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(Dillenbourg et al., 2009).udvigsen & Arnseth, 2017)

Technology Description Defining
Enhanced Learning feature
Type
Computer Collaborative learning that takes place predominantly ¢ Learning type
supported completely in a computeaccessed space such as a (Collaboration)
collaborative discussion board, where groups of students work
learning collaboratively to collectively learning and develop.

Mass collaboration

A masdearning model where large numbers of people
engage through an online network to share informatior
to reach a common goalCress & Fischer, 201(@amiri

& CamarinhaMatos, 2018 Mass collaboration is
applicable to larggarticipant learning experiences, eve
those that are not situated within a formal course, suck
as Wikipedia.

Learning type
and scale
(Collaboration,
mass
participation)

Mobile learning

Learning using portable handheld devices such as mo
phones or tablets. This type of device can be carried t
different environments, allowing for a changing learner
experience as their personal context chang¥®g.-H. Wu
et al., 2012)

Platform type
(mobile
devices)

Virtual learning

Learning that is delivered, undertaken or received
through a virtual environment, which can be a
simulation, virtual learning environment (VLE) or anoth
method. (Keller, 2005§Thi Hue Dung, 2020)

Delivery type
(online)

Blended learning

A model of delivery where material is delivered both in
the physical world isperson, and also in online spaces.
(W. W. Porter et al., 2014)

Delivery type
(blended)
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2.3.2 Strengths of Technolegghanced learning
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Table5: Strengths and weaknesses of research framewaskamonly used in discipline based educational

research.

Framework

Strengths

Weaknesses

Grounded Theory

Prevents preconceptions about
participants or environments to
from impacting on the research
Allows exploration of poorly
understood phenomena that dg
not have extensive research
foundations.

Requires the research to be
disconnected from existing
research and prior
preconceptions, making
undertaking research as a
practitioner challenging when thé
adzoa2S0ia | NB 2\

Phenomenology

Provides deep insight and
understanding of phenomena,
particularly lived experiences.
Centred around participant
experiences and encourages
selfreflection.

Does not encourage
representation of variation in
experiences.

Highdetail accounts from a smal
number of individuals may be
difficult to generalise to wider
populations.

Time consuming, as data
collection should be to be
exhaustive per participant.

Phenomenography

Encourages variation in
experiences between
participants.

Centred around participant
experiences and encourages
seltreflection.

Allows categorisation of
experiences to assist
practitioners in deploying

research in practice.

Requires larger sample sizes, as
aims to test until no more
concepts arise.

Generalising findings into groupg
or themes can cause loss of deti
in interpretations.

Time consuming due to the
iterative nature of exhaustive
data collection from varied
participants.
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3. QuantitativeResearch
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3.1 Measuring Digital Experiences
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Models of digital experience
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Digital usage
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Digital competence
SAIAGEE O2YLISGSyOS Aa | GSNXY dzaSR (G2 RS&AONRO
YR GKSANI 26y alAftfa G2ZINPERESA2YIKSSHE2RS Ploy W&
oDigital Competence is the set of knowledge, skills, attitudes (thus including abilities,
strategies, values and awareness) that are required when using ICT and digital media to
perform tasks; solve problems; communicate; manage information; collaboratgecand
share content; and build knowledge effectively, efficiently, appropriately, critically,
creatively, autonomously, flexibly, ethically, reflectively for work, leisure, participation,
fSEFNYAYy3IS a20AFfAAAYIZOOGNNIUNRAY IZnmyR S

S5AIAGEE  O2VILIBF S/ D SNEF YNNIBOR fi22Y N-1aA @RI FACGD I wai v
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Digital literacy
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Level 3

wDigital technologies are used in a creative and transformative way, that contributes to
DI Ital a change in practice within a professional setting.
g wUsers would be considered to have high digital literacy.

Transformation

Level 2 wProfessional use of digital technologies, embedded within community or practice.

wAble to select appropriate tools or develop digital competencies to fulfil particular
functions

Digital Usage

Level 1 wAble to identify programmes, symbols or other common features of digital

technologies.
- . wSkills are developed as required by individuals in response to particular task
Digital
Competence

requirements.

wCompetence is transferable, so the same competence can apply to a variety of digital
technology solutions.

Figure9: Levels of digital literacy, adapted frdvtartin & Grudzieck2006).
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Figurel0: 3P model of learningleveloped fronBiggs & Moore (1993)
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Access to technology
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3.1.2 Measuring digital experiences of Chemistry students
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Table6: Response data for the Digital History Survey.
Subject Area | Student 201415 201516 201617 201718
group
Chemistry New 106 51 52 38
Graduating | 49* 26 16 16
Forensic New 27 5 8 6
Science Graduating | 61* 3 0 1

*2014/15 ¢ Returning students rather than graduating final year students were
permitted to respond, so data is not directly comparable.

3.1.3Ethical Approval

1ftf G22f4& YR ' YSYRYSyidla sAlGKAY GKA&E NBa
b2ky3IKIY ¢NByiQa {OKz22f BFOKDABFOSH Ky@l it
3.1.4 Results of digital history survey
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atdzRSyGa 2y [/ KSYAadGNER 2NJ C2NBYiaKAO EIOMSSy OS 02
RSLINIYSYyd Fd b2ky3akKEY ¢NBYlG ! yAOSNAAGED
Descriptive data

Qualifications
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a0dzRSyGasz odzi GKA&A YI& 0SS RgS (K2 00 O K@ NKE IND
HAMOKTY G GF Aa LINBaBHISR 6St2g¢ | a i

Table7: Percentage of respondents without IT qualifications from Digital History Survey.

| No relevant IT Qualifications %
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New Graduating

201415 20% 201415* 17%
201516 23% 201516 13%
201617 32% 201617 0%
201718 31% 201718 14%

*2014/15 ¢ Returning students rather than graduating final year stude
were permitted to respond, so data is not directly comparal
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Operating system familiarity
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Table8: Familiar operating systems of students, 2014/15, split by cohort. Digital History Survey 2014/15

Familiar Operating System 2014/15 new | 2014/15 returning
n 155 88
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Microsoft 128 69
Apple 12 7
8 Linux 1 0
I don't know 14 12
Microsoft 22 11
Apple 74 39
5 Android 33 21
€ | I have never used this device 7 3
. I don't know 17 13
Other 1 1
Microsoft 12 2
Apple 88 45
2 | Android 38 36
& | I have never used this device 3 0
I don't know 12 4
Other 2 1

Ownership and access to digital technologies
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Table9: Number of items owned, split by cohort. Digital History Survey-2018

Number of items owned

Cohort n 0|1 2| 3| 4| 5| 6| 7| 8]9]|10
2014/15
new 155|/0|1| 8[20(21|29|24|18|12|0| O
2014/15returning | 88| 1| 1| 9(12|24|23|21|15| 6|1| O
2015/16
new 771113114113 (14|14] 9| 5| 3|1| O
2015/16
graduating 8/0(0| 1| 2 2| 2| 2| 0| 00| O
2016/17
new 68|/ 0311|1214 |11| 6| 7| 4|/2| O
2016/17
graduating 8/0(0| 2| 3] 0| O] 1| 3| 1|0] O
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2017/18
new 54
2017/18 graduating| 7|0
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Figurell: Number of items of technology owned by students 2014/15 DHS.
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Selfassessed digital competence measures
LGSYa gAGKAY GKS S5AIAGEE | AaisaN®a & dOBEHOSS (i QIS [2f T 216 SRR FAGGdER S yii&i0 Kiy22 t425F &F |
CNI YSg2MISNBG $a&BAIYSR I a02NB Ay NBfloa2y (2 GKSANI f SOSt g OHE WGy IRKS T NI Y
M @

TablelO: Digital History Questions compared to NTU Digital Frameleueis.

Digital Historyg Digital Usage and Competence scored elements

Communication and collaboration
Take part in an online community through online gamir| 2 points | level 2

Question asssﬁg;?a d Comments
| have customised my computer* to suit my personal ICT / computer literacy and
Customisation preferences (Yes/No) 2 points | communication level 2
2 E Use social networking sites.{.,Facebook, Twitter, G+) | 2 points | Communication level 2
3 g Download podcasts 1 point Media literacy level 1
;_ g Use instant messaging or chatd.,Facebook messengel
= £ Skype typed messages) 2 points | Communication level 2
= 7 - , - . —
.g g ~l-:b Use video calle(g.,Facetime, Skype video chat) 2 points | Communication level 2
? o % Communication and media literac
i) 5 oS | Watch live TV or catchup TV onlireq,iPlayer, 40D) 1 point level 1
IS = 3 - -
= =4 S "5 Communication and media literac
S 5 S £ | Watch on demand videa(g.,YouTube) 1 point level 1
g o ® 8 | Upload video or photo content to the interne¢.g.,
g § 3 Instagram,YouTubg 3 points | Media literacy level 3
£ g > Communication and collaboration
% & © | Participate in discussion groups or online chatrooms | 3 points | level 3
Q g Use wikis or blogs 1 point Media literacy level 1
< ry)
§ P Maintain my own blog or website. 4 points | Media literacy level 4
N
<]
LL
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Tablell: Digital History Questions compared to NTU Digital Framelgueis.

Question asssﬁg:]ee d Comments

fg Download, save and open files. 1 point ICT/ computer literacy level 1
S
o Put information into a premade form, downloaded
.g from the internet. (A proforma / template) 1 point ICT/ computer literacy level 1
"E’_ Communication and collaboration
= Cocreate resources or work with a peer online 3 points | level 3
° Use formulae to manipulate data a spreadsheeg(,
g = | Excel) 2 points | ICT/computer literacy level 2
8 <
% % Produce professional diagrams using drawing package
E > | (e.9.,ChemDraw or BioDraw) 3 points | ICT/computer literacy level 3
g § Use a Virtual Learning Environmeatd.,NOW, WebCT, Media literacy and ICT/computer
§ S | Moodle) 1 point literacy level 1
; *= | Create graphs using a spreadsheety(,Excel) 1 point ICT/ computer literacy level 1
c
‘©
S Insert images, tables and graphs into word processed
E or presentations.€.g.,MS Word,PowerPoin} 1 point ICT/ computer literacy level 1
3 Use cloud storagee(g.,Dropbox.com, NOW Communication, ICT/ computer
g MyFilesiCloud, SkyDrive) 2 points | literacy level 2
Zﬂg Interact with staff or students online(g.,email, ICT / computer literacy and

discussion boards) 1 point communication level 1
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3.1.5 Discussion
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3.2 Measuring environments

History of Environment inventories.
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Development of Environment Inventories
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Tablel2: Studies using the SLEI or its derivatives, or the TROFLEL.
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3.2.1 Development of the modified SLEI.
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3.2.2 Ethical Approval
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2014/15 completeness revisions.
¢tKS az2RAUSR {[9L (22t o4l a @SNEB aYS O2yadzyAy3d G2 O2 VYiL&E SAIS ZOBNUIKS aAyWF 2 NNBrL:
jdzSas2y (elLlSod !'a adzOK YSI adz2NBa owWNS (F 1Sy (G2 AYLINRGS NBalLkRyaS NIraSa oc¢

Tablel3: 2014/15: Number of complete scale responses of contemporaneous scale form.
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Tablel4: 2014/5: Number of questions completed in each contemporaneous scale form.
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2014/15 reliability and revisions

Tablel5: Reliability data for 2014/15 tool using contemporaneous scales.
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Social Cohesiveness

SocialCohesivenessScale Questions

Students in this laboratory class get along well as a group

Students have little chance to get to know one another in the laboratory
Students in this laboratory class help one another

Students in this laboratory class get to know each other well

Students are able to depend on each other for help during laboratory activities

It takes too long to get to know everybody by theirrlames in this laboratory class
Students work cooperatively in laboratory sessions
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OpenEndedness

OpenEndednes$cale Questions

Thereis anopportunity for students to pursue their own science interests in this

In this laboratory we are asked to design our own experiment to solve a given

problem

In a laboratory sessions different students collect different data for the same pr

Students are allowed to go beyond the regular laboratory exercise and do somg

experimenting of their own

In a laboratory different students to different experiments

In our laboratory sessions, the instructor decides the best way to carry out the

laboratory experiments

The students decide the best way to proceed during laboratory experiments
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Integration

Integration Scale Questions

What we do in our regular lectures/seminars is unrelated to our laboratory work
The laboratory work is unrelated to the topics that we are studying in our
lectures/seminars

Our regular lecture/seminar work is integrated with laboratory activities

We use the theory from our lectures/seminars during laboratory activities

The topics covered in lecture/seminar work are quite different from the topics d¢
with in laboratory sessions

What we do in the laboratory sessions helps us understand the theory covered
lectures/seminars

Laboratory work and lecture/seminar work are unrelated
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Rule Clarity

Rule ClarityScale Questions

Our laboratory has clear rules to guide student activities

This laboratory is rather informal and a few rules are imposed

Students are required to follow certain rules in the laboratory

There is a recognised way of doing things safely in this laboratory

There are a few fixed rules for students to follow in laboratory sessions

The instructor outlines safety precautions before the laboratory sessions comm
This laboratory class is run under clearer rules in other classes
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Material Environment

Material EnvironmentScale Questions

The laboratory is crowded when we are doing experiments

The equipment and materials that students need for laboratory activities are reg

available

Students are ashamed of the appearance of this laboratory

Laboratory equipment is in poor working order

The laboratory is hot and stuffy

The laboratory is an attractive place to work

The laboratory has enough room for individual and group work
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Use of Technology (Adapted TROFLEI Computer Usage appendix scale)

Use of Technolog$cale Questions
If | face difficulties in the laboratory, | use the tablets to search for an answer
| use tablets in the laboratory to refer to my lecture notes to help me understa
my equipment
Whilst in the laboratory access further reading using the tablets to help my
understanding
L dzasS GKS GlrofSita G2 KSt L2\ R AdyQA €
| use the tablets to access information on how to use equipment/procedures
safely
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Attitude to technology (Adapted TROFLEI Attitude to Computers appendix scale)

Attitude to TechnologyScale Questions

LQY 322R gAGK GlFofSha

| like working with tablets

Working with tablets inspires me

| am comfortable trying new software on the tablets
Working with tablets is motivating

Working on a tablet makes my work more enjoyable
| do as much work as | can using the tablets

| feel comfortable using a tablet

tKA&a A& GKS 2yfe aolortS GKIFIG R2Sa yz24 KIF @S |
F LILINBLINRA F S 3FABSY (KF G @KAGS &2 W S B dINK VER
y2i KIFE@S I LINBFSNNBR FT2N¥Yo 2KSy RS@GSt 2LAy3
fro2NFG2NE aLISOAUOT YR (GKS 62NR / 2YLlzi SNA
Y2NB aLISOAUO (2 GKS {dzZISNII o6 SYy@ANRYyYSyidsz |
G2 6S I 1S8e 1aLlsOl0 2F GKS {dzaAJSNI I oo

¢CKS FfLKI @FfdsS 2F GKA&A O2yaidNMzOG Aa G22 KA
AGSYa YlIé 0SS YSIad2NAy3a GKS alyYS LKSy2YSyl o
AYRERY O2NNBf o2y OFfdzSad NB KAIKIYAKNERK A a
alYS LIKSyYy2YSyl NBLISIFIGSRfed ¢KS AYyGSNI AGSY O
jdzSae2ya nt YR nt gAGK | atA3akite t2¢ Ot d
lftf O2NNBOUSR ROGSLIIpEt BE DI f NI ol MEBLSE 6!2(def) R
RSONBIFasS dzalry RSftSe2y 2F lyeé 2F (KS AdGSya:z
5SONBl aAy3d GKS / NRryol OKQa ! f LKl @ fdz2S g2dzZ R
AGSY g2dA R NBadA G Ay / NRyol H&EQAE Hzf LIODSEIAE 6 ¢

N Q¢ Qx

g GKA airF3Sy RSALAGS O2y OSNW2 NRSRF RRA y 3
NBY2@PSRI RdzS (2 NGSH LEB2AYRKS RISAIWEHIK A28F aySR0p 2y 2°

Q)¢
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2015/16 completeness revisions.
¢tKS NBt20la2y 2F (KS (rKAkdye® PR | 0F (Sth a & yNS RIza@®A 2F GKS 20SNrtt arailsS 27
GAGK O2YLX Sa2ys AGK | YilzOkEDINBF G6SNI £ SPSt 2F O02YLX Seaz2y 0

Tablel6: 2015/A6:Number of questions completed in each contemporaneous scale form.

bdzYo SNJ 2 F| 1 k& dzR 1asS 2F ¢S {20Alf /2K h L%y RSRyY S LYydSanNg s wdz S /€t
FyagSNB ¢FofS | sia t NBFSNN ! O dzt t NBFSNN ! O dzt t NBFSNN ! O dzt t NBFSNN ! O dzt t NB T S NN
y MM
T M Dy e mn dy| wmn ®p
c n H 0 n M n n
p n M N dn M M M M M M d d dp
n n M H n n n n n n M H
0 n n n M M M M M M M M
H n n n M M M M M M M M
M n n n M H M H M H M M
n M C MT [84) [84) 8] 8] [84) 8] M 1 M M
¢201 f M M M M M M M M M M M M M M M M M M M M M M
[%ééAl’jfgl-y’
aolfsS 0O2Yl M C M T M H M O M H M O M H M O M H M O
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2015/16 reliability and revisions

Tablel7: Reliability data for 2014/15 tool using contemporaneous scales.

Wnmnmo | P Oddd/ N2y

PleNBFY 1€ LK

{QOAl'f | 2KS ! Oii dzt £ norT

t NBF S NN norT

hLiSy 9yRSR ! Od dat ¢ nop

t NBT S NN nop

LydS3INI a2 1 O dzt ¢ noy

t NBTSNN noc

wdzt § / f I NJ ! Oiidzt £ !'I(DC

t NB T S NN naon

| O dat )

al GSNALFE 9y ! O dzt £ nor

t NB T S NN noc

148 2F ¢8OF | Oh dzt noy

t NBF S NN n oy

| kiidzRS G2 ¢ bkl Y
{OFtS NBfAIOAfAGRE @FfdzSa T2 NWKAME RO jRIGSraRaCR
aSia rNB LNBaSyi ﬁ Ay AOLES 2S04z 6AGK Y2RA

Attitude to Technology

Attitude to TechnologyScale Questions

LQY 322R gA0K GFrofSiha

| like working with tablets

Working with tablets inspires me

| am comfortable trying new software on the tablets

Working with tablets is motivating

Working on a tablet makes my work more enjoyable

| do as much work as | can using the tablets

| feel comfortable using a tablet
¢CKS FfLKF @FfdzS F2NJ 0KAAAEGNE O©2NABPENR YKH I K
j dzSda2yad MM YR MH YI& 0SS (22 aAYATIN gA0K
j dzSaa2y MH ¢l & NBY2QOSR ¢2dzZ R NBRdzZOBSYi2 noyy
gla ftaz2 @GSNB KAIK G nodrTtcd
vdzSae 2y2NHA YA 2y | Gl of S YE|{S&aaYAByF2KERYZN]
GKS &a0FfS i GKA&A LRAYGO
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Use of Technology

Use of Technolog$cale Questions

If | face difficulties in the laboratory, | use the tablets to search for an answer
| use tablets in the laboratory to refer to my lecture notes to help me understa
my equipment

Whilst in the laboratory access further reading using the tablets to help my
understanding

L dza$S GKS GrofSia G2 KSt Ld2N& R AayQA ¢
| use the tablets to access information on how to use equipment/procedures
safely

1348 2F ¢SOKyz2t23e ! OGdzr £ KI Ly | OOSLIilot S
K26SOSNE TSV yGSMIEt | a2y QJItsza | N£ GSNE 260
O2NNBOGSR AGSY G2idlf 2F nodHTHI YR O2NNBT I
Ad GKS 2yfe ljdSase2y GKFG RSt Se2y ¢2dz R AYLIN

GKAOK Aa I YAY2NI AYLINROSYSYyld FNRBY ndcTHOD

raS 2F ¢SOKy2f238 t NBFSNNBR KlFa Fy | OOSLIilo
F3rAyYy GKAa KIMEGI S5 OGNINE ff 12352 K y@ISINGZSa 6AGK y
Mc KI a I itS2vp ORYNINSNIF a2y @I f dzS | B-YA Y&l | Ijf daS &l oN:
FOOSLIilIotS @ltdsSas FyR y2 AdGSYa g2dzZ R A YLINZ
St Se2y o

AyOS NBY2Q0AYH IjdBa08yRMPOT a&NP XYK S KB of S
SI NOK F2NIg2yzf IRy #@SNINI G KS | £ LIKI @FfdzS Ay GfF
SaONBRzZBYEYRKI & I YAY2NI AYLINRPOSYSyYy(d 2y (GKS
NBiGFAYSR Ay G(KS aodlfSo

T D¢ ™ T

Social Cohesiveness
vdzééaQYé KAIKf AIK{GSR AY 02f R FNB G4Kz2as8 GKI

SocialCohesivenessScale Questions

Students in this laboratory class get along well as a group

There is little opportunity for me to get to know other students in the laboratory

sessions

Students in this laboratory class help one another

Students in this laboratory class get to know each other well

Students are able to depend on each other for help during laboratory activities

It takes too long for me to get to know people by name in this laboratory class

Students work cooperatively in laboratory sessions
{20A1t / 2KSaA@SySaa ! OGdzart aortsS KFa Fy OO
K26SOSNI GKSNB | NB y iihdeSare 2 NINBK NI 24/ 0K f fdBSa d
0KS O2NNBfla2y 0S0i6SSy ljdzSds2y mimny® R HYyI ¢
vdzSdea2y Hn faz2 O2NNBfIGSa LR22NI& gAGK |jdsSa
O2NNBOGSR AdGSY G201t t26SN 0KIy GKS (KNBakKz
/I NByol OKQa It LI a02NB (2 nordpor gKAOK Aad a

{20A1t / 2KSaA@PSySaa t NEBTFSNNBR aodrtS KFHa | a
I N2yol OKQa ! fLKIF 2F ndynod vdz$Sasz2y Hn O2NNB
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j dzSde02y&d Hy>X oc YR nod vdzS&dez2y HnN AY KU
GKNBaK2tR 2F | OO8SLIiIyOS 2F nooz FyR NB Y2 OAY
lf LK a02NB (2 ndyHpd

vdzSSa o 20yKSHNB GAa fAQgES 2L NIdzyAide F2N YS (G2
fFr 02Nl 0 ZNBIBSANBAYRWSR i GKAE aimAERSR KAA A2
aAyO0S G(KS LINBOA2dza OSNEAZ2Y 2F (GKS &adzZNBSeo

OpenEndedness

OpenEndedness$cale Questions

Thereis anopportunity for students to pursue their own science interests in this
class

In our laboratory sessions we asked to design our own experiment to explore ¢
topic

Within a laboratory sessions students follow different procedures or use differe
samples to investigate same idea

Students are allowed to go beyond the regular laboratory exercise and do som
experimenting of their own

In a laboratory different students to different experiments

The students decide the best way to proceed during laboratory experiments
hlLi$eyy RSRySaa ! Oldzrtf &aO0lfS KIa &ieB ORI FoX S
Mn L2 2ENG S\ iG2NINSB f a2y @F fdzSazr 6AGK Y2ald 27F
vdzSae2y nn Fftaz2 KrFha I t2¢ O2NNBOGSR AGSY G2
nn ¢g2dzZ R AYLINROS (KS @l fdzS 2F / NRyol OKQa ! f

hLJ3yYyY RSRySada t NBFSNNBR aO0FtS KFranbygythoOOSLII ¢
FfiK2dzZa3K | fAgtS 26 SIN®yYIK I tyK AGEK Sa GilF NS SKil NI &S
gl £ dzSa Myl SIYK SO2ANNBENIa 2y YIFGNRAEZ YR Ylyé @I f
vdzS&de2ya o1 FYR nn O2NNBfIGS LR2NIEKBAGK (K
O2NNBOGSR Al@mwovmiealdryROIUz2EE802Y nn KIFa | O2 NN
f26SNJ GKIFIY GKS I OOSLIiFofS GKNBaK2INR (KA an ®H y
a0FtSx GKS / NRyol OKQa It LKI @Fftdz§S é62df R AyO
GFNBSG NYy3So

vdzSas2y nn KIFIR | fNBIFRe 06SSy NBG2NRSR FNRY v
A dZNDSBKINRF2NE 61 a N.BYEQS o)
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Integration

Integration Scale Questions

The material covered in our regular lectures/seminars is unrelated to our
laboratory work

The laboratory work is unrelated to the topics that we are studying in our
lectures/seminars

Our regular lecture/seminar work is integrated with laboratory activities
We use the theory from our lectures/seminars during laboratory activities
The topics covered in lecture/seminar work are quite different from the topics d¢
with in laboratory sessions

What we do in the laboratory sessions helps us to understand the topics taught
lectures/seminars

Laboratory work and lecture/seminar work are unrelated

LYGSaNtre2z2y ! Oldzf aldlFtS YSIadaNBE Khaedn &f AIK
¢ KSNB A& &GSy DRNNBY SNy LI AN GKIFIG Aa dzyRSH
jdzSaa2yad HH YR nmMI gAGK | @FtdzS 2F nduTCc 6

O2NNBOGSR AGSY G2dlta FNB 620S GKS GKNBaK?2

A B A A SN

In A

azvys @SNbﬁ\G)SE(SR)ZN\I;]\IlBSNJGZYa GAGK &aSOSNIt OSNE
O2YLI NB GKS RIFGF &aSia Y2NB Sl airafes NBaSHNDK
Y2NB SlaAiate F2NJ GKS RIFaGF &aSiéa LINRPRdIdzOSR o0& {
YySIASt @& 62NRSR ljdzSae2ya oSNB RAALIX F@Ay3a RAD!
t2aio@Ste FyR yS3logSte ézNRSﬁe jdzSae2ya o0SK
RAYSyarz2ylrtAaGe 2F | ljdSasez2y o0SAYyAt 1 NJSO4 SR o
2 jazydpwRdbp@sal A ¢ ¢R2AYYWSawAmas 6KSIKSN NE
LINEFSNNBR a0FtS INB 0SAy3 0SOGSR o0& LRaAAUD
jdzSae2yad 6SNB RSaA3aIySR G(KF{G RdzZLJX AOFGiSR (KS
RAYSy&aArz2yl EpapnNB I JBIBRR0 SO YS NBfFGiSR® ¢KSa$
Ay (KS ada2NBSe Ay &Ll 0Sa tSD o0& NBY2@GSR |jdsSa
O2y FdzaAz2y 2y (KSG dawSi® 2F LI NbOALI yGa o

Tablel8: Pairs of questions with flipped dimensionality introduced in 2018utvey.

Original AFl i ppedd Di mens

HT ® h dzNJ NJSEIdszNann(D h dzNJ NB 3 dzf | NJ f
AYGUS3INIGSR 6gAGK fly2d AydSaNIYGSR 6A

HH® ¢KS YIFIGSNALFE |ood ¢KS YI (SNBABA

f SOGdz2NBakaSYAyY Il NHt SOG dzNB ahkaa SWEAL yI I (INSH|
fro2NFG2NE 62N fro2NFG2NBE 62N

F vdzSadsz2y ydzYoSNAR NBfFGS (2 LlR2aras?

l'a GKS / NRyolOK ! fLKF @FfdzS F2NJ o2GK ! Oddz €
FOOSLIilIofSY YR GKSNB 6SNB y2 @lftdsSa GKIFIG ¢
FOOSLII I yOS ARIIKSSYNI Qi2KNING AYai2SNI @ £ dzSax y2 AGSY:
a0LtS & GKA&A oaYS

79



Rule Clarity

Rule ClarityScale Questions

Our laboratory has clear rules to guide student activities

This laboratory has few rules and is an informal place to work

Students are required to follow certain rules in the laboratory

There is a recognised way of doing things safely in this laboratory

The instructor outlines safety precautions before the laboratory sessions comm
This laboratory has clearer rules that other types of classes e.g. lectures/semin

wdzf S /fFNRGe ! Oldat ao0rftS Kbadbezib QROSELIAKDES
AYihERY O2NNBf a2y @FfdzSda 0St2¢ (GKS GKNBakKzf
CKS RAYBEND2NNBf Il a2y 0SS0 mbSByH HjXzSIABR Yo $IT76 3R
AmOnnHd ¢KS O2NNBOGSR AGSYIKEGI OASH2IND oS I @5
GAGK ljdzSaea2ya HTZ nH YR nc KI@GAy3d @I fdsSa 2

wdz S / tFNAGE t NBFSNNBR aodlrtS KFa | / NRyol OK
F OOS LI I onfaeN# KA S a Ol £ S ml(iaS Ym MO 2ANNIBAZS: 30 22y F  GAKYF (i
GKS I O0SLJiroftS GKNBakKz2fRXI LI NbOdzZA NI @ NBfl e
G20l fa F2NJ ljdzSde2ya HTI nHX YR nc KI @S @I f
GKAOKEIENB®B St 26 G(KS | OOSLIilFofS GKNBaK2tR 27T n
/I NByol OKQa ! f LIKI g¢g2dZ R AYLINR@S (G2 nodpdhcx Yy
I f LIKF ¢2dAf ROAYNRESHEBSAYA ySAGKSNI 2F (KSaS | dzS
Bl f dzS WlKSo A OOSYIiF 6t S GKNBaAaK2f R

vdzSae2ya HT FYR nc 6SNB ARSyaUSR Ia Ol yRARI
I f NBIF RGLIONISHYSANBAY NBEGAaAA2Yya FTNRBY HAMOKMpP® L
jdzSae2y aKz2dzZ R 0SS NBY2@OSR 0 (GKA& aidl3as G2
aRa akKz2dzZ R y2i KI @S avylrtf AGSY ydzYoSNE dzyf !
RSUWSR I Nl 9 20 (BaSXYSsH 2whdepf0 lj dzS&de2y HT ¢2dz R
AYONBIF &S (2 (G(KS / NRyol OKQa LIYilSEAINIBH2RYy diBKySRT (i
Y2al O frANE K2 280 S2 NOANNISINI s 2y ax a2 61 & AR
G2 o RSt SGSRNBVIIAEARBY@dBE R F2 NI TdzNI KSNI Ay dS

(s}
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2016/17 completeness

CKS ydzYoSNI 2F |jdS&e2ya NBLINBASY (SR (M0MBI ME KR I G H 25680NI AydzYTo2SNG N8 RUBKaBH yNDbii- K 1 (&
CKAZ l[dS&e2y a4S8Si R2S5a y2i AyOtdRS (KS ljdSse2ya (KIFLG ORF I KIS RBEA I KD

ao0ltSo

Tablel9: 2016/17: Number of complete scale responses of contemporaneous scale form

| K G dzR 148 2F ¢59 {20Alt /2K h LS8y RS Ry S Ly dS3aN a2 wdz § /€t
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FOEOf dZRAYy3d GKS LyGSaANIoazy bALIRE | dSas2yas [a GKSEId2NE

LJdzN1J2 4 S & @
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Table20: 2016/17: Number of questions completed in each contemporaneous scale form.
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2016/17 reliability

wnmckm| | OUdd/ N2yg

t NBTS | f LIK

I kG dzRS @2 b x N oy
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Table21: Reliability data for 2016/17 tool using contemporaneous scales.

Attitude to Technology

T2 NG KA &

P
w»

I OF

LQY 322R gA0K
| like working with tablets
Working with tablets inspires me
| am comfortable trying new software on the tablets
Working with tablets is motivating
Working on a tablet makes my work more enjoyable
I do as much work as | can using the tablets

| feel comfortable using a tablet

Attitude to TechnologyScale Questions

irotSda

@ lotndey cKBMISHENS | 4 O A S SN
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Use of Technology

Use of Technolog$cale Questions

If | face difficulties in the laboratory, | use the tablets to search for an answer
| use tablets in the laboratory to refer to my lecture notes to help me understa
my equipment

Whilst in the laboratory access further reading using the tablets to help my
understanding

L dzaS GKS dlofSda G2 KSt Ls2N& R AyQA
| use the tablets to access information on how to use equipment/procedures
safely

a8 2F ¢SOKyz2t23e ! OGdzrt aodolrtsS KF-&a | / NRyol
F OOSLIi 6 ®PNpgeSBo2ya mn YR wmikid &Y d82 NNBE KaAXK
G tdzS 2F ndHonI YR [[dEASEYy@2 NNBTl YR2 Wy JIKE &S
jdzSds2ya mp FyRIBY Q2HREBt VoR3Yy(ISNI dzS 2F nomrt
GKS I O0&INBIa&KR2E R 2F ndod ¢KS NBY2@It 27F | dzSa
/I Neyol OKQa ! fLKI (2 @drcn gKAOK A& | avlff A

2T ¢SOKy2f238 t NBFSNNBR “’ItéémmmCWO/Nz
zSas2ya mn YR MO Klzgxmsvz@zmmmmnyzy DS fL i

f O2NNBOGSR AGSY G2drfa FINB o208 GKS I 00
AYONBI &S GKS / NRyol OKQa ! f LKL éémms G2 noT o

F"‘Q.QJ(
(0p))

I
I
\Y
!

¢tKS NBY2@Fft 2F |jdzSaaz2y M KNB&E KQF Ra OR SINER | lo 2
GAGK | y20KSNJ AGSY Ay 020K alOFfSa K2sSOSNI I a
a02NB g6 a YAYAYIES G4KS ljdzSaez2y 61 a NBGFAYSR

Social Cohesiveness

Social CohesivenesScale Questions

Students in this laboratory class get along well as a group

Students in this laboratory class help one another

Students in this laboratory class get to know each other well

Students are able to depend on each other for help during laboratory activities
It takes too long for me to get to know people by name in this laboratory class
Students work cooperatively in laboratory sessions

{20AFt [/ 2KSaA@SySaa ! OGdz t aol toS oElta@m diiy I OO
u

dzSae2y ot O2NNBfl(iSa LI22NIé& 6AGK ff 20KSN
j dzSade2y 6Fa OKSO{ISR (2 SyadaNBE (KSNB 4SNB y2
O2NNBtlo2ya ¢SNB a2 LR2ND ¢KS O2NNROG*SER AGS
nomMHOE YR GKS / NRYyolOKQa It LKF AF RSt SGESR

dzLJLISNJ SyR 2F (2f SN} yOSo

{20A1f / 2KSaAAPSySaa t NEBFSNNBR a0d/BI Kpw |y
YSIFENJ GKS YARRES 2F GKS GFNBSGO NrYy3aSsz (GKAa O
KSNBE (KShd@ytdodgs ¢okAia YIe BENREAYH ANBaax 8§ BazsS:

]
GKS a0lftSd ¢KSNBE | NB anfitSyvya O@INEE  #2FY YLIGNR
0St2¢ G(KS FOOSLIIIofS GKNBaK2ftR gAGK ljdzSasaz2y
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A 2 4 oA -

¢tKS O2NNBOGSR AGSY G2aGlrt F2N) ljdsS&de2y o1 Aa
RSt SGSRZ (GKS / NRyolOKQa | fLKIF g2dzf R AYONBI &
b I Qa2y sl a GFI1Sy G GKA& LRAYGD vdSadszy o
!

S
2
f LK F2NJ o20K GKS FOGdzrf IyR LINBTFSNNBR @SN
BY2@Ay3a (GKAA |jdzSas 3y 208 daf KRS y22A0S NG IHAS LIS NJF-2N\B

OpenEndedness

OpenEndednes$cale Questions

Thereis anopportunity for students to pursue their own science interests in this
class

In our laboratory sessions we asked to design our own experiment to explore a
topic

Within a laboratory sessions students follow different procedures or use differer
samples to investigate same idea

Students are allowed to go beyond the regular laboratory exercise and do somg
experimenting of their own

In a laboratory different students to different experiments

The students decide the best way to proceed during laboratory experiments

hLJ$8yw RSRySaa ! Oldzrf KIFa | / NRyolOKQa ! f LKI ¢
KFra RSONBIFaSR atAdakKite FNRBY nodcto (2 ndcpnd
GKS MYEBNO2NNBE o2y YFIGINRE SAGK MBSEEHZ 2F ™
O2NNBfFGS LR2NI & gAGK it 20KSNI AGSyazr SEOS
GKNBaK2fR F2NJ I ff AGSYaod ¢KS O2NNBOGSR AGSY
GKAOK A& nounpd ¢KS / NRPYyolIOKNBASYIEI 29k £dz8 Y
RSONBIaSasrs 6KAOK g2dzdZ R 0SS dzyRSaANIo6ftS F2NJ
hLJZy RSRySaa t NEFSNNBR KFa& | / NRyol OKQa ! f LJ
2F nocI G ndpnnd ¢KSANBSYNO2ARBENDR2YANBTANEK

2F mMp LI ANBR S6AGK O2NNBfloazy OFfdSa 06St26 (K
O2NNBftGSa 6Stf 6AGK n 206KSNJ ad0FtSaz FyR |d
FYy203KSNE o6dzi Fff 20KSNJ @FfdzSa FNB 060Sft2g6 GKN
op Ad 2yHmMO0X YR F2N) l[jdzSada2y nH A& nodOMpHO® w
AYLINR OGS GKS / NRyolOKQa ! fLKI @FfdzS G2 noppwm
doff o

2 KSy O2yaAiARSNAYy3I NBAINPALINES BF 20NE J60HK 1Y IBDYES =
gAGK GKYaNBOF&Sy (2 (KS ¢AKS (0HNMSG & 22T A%0
G2 O20SN® ¢KS LI NbOA LI yail deBeRyE (i &F 22N (1K AGRF NIRSUS:
O2dz2NESa FTNRY 6| YvvitBosiia n2RKRS F2NJ I AIKSNI 9R
YR alAyldrAyAy3 | OFREYROIGESHAYRI QRRANBESAMNO &
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Integration

Integration Scale Questions

The material covered in our regular lectures/seminars is unrelated to our
laboratory work

The laboratory work is unrelated to the topics that we are studying in our
lectures/seminars

Our regular lecture/seminar work is integrated with laboratory activities

we use the theory from our lectures/seminars during laboratory activities

The topics covered in lecture/seminar work are quite different from the topics d¢
with in laboratory sessions

What we do in the laboratory sessions helps us to understand the topics taught
lectures/seminars

Laboratory work and lecture/seminar work are unrelated

Flipped questions for the purposes of investigating dimensionality
Our regular lecture/seminar work is not integrated with laboratory activities
The material covered in a regular lectures/seminars is related to our laboratory
work
C2N) GKS NBfAlFLoAfAGE lylfteaAra 2F GKS LydGdSaNg
KFIR 06SSY dbALILISRéE KSYOSTF2NIK NBFSNNBR (2 |
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Table22: Interitem correlation matrix for Integration Preferred scale 2016/17. Flipped dimensionality
questions are excluded.
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Rule Clarity

Rule ClarityScale Questions

Our laboratory has clear rules to guide student activities

Students are required to follow certain rules in the laboratory

There is a recognised way of doing things safely in this laboratory

The instructor outlines safety precautions before the laboratory sessions comm

CKS wdAf S /fFNAGE &0FES y2¢ KFa 2yfeé n AdGSvya
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FNRY nubewmk Mo 2R y2 € 2y3ISNI gAGKAY (KS 00S
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¢tKS aoltsS MR yhSKodAy ¥ AW SNI ¢ KS t NEFSNNBR 32
NEfAF6fST o6dzi GKS ! Olidat aldFrftS A& y2G¢ ¢KAA
FYR AYyailiNHzOG2NAR AYy GKS {dzLISNXIF6X Fa RAGSNBY
GKNBaK2ft R& 2% SBIEFSLEWS AF | OKSYAAGNE &0 dzR¢
A0NRBY3 FOARX (KSe& g2dzf R 06S NBIldZANBR (G2 dzyRS
FNBIFX | Fdz¥S K22RX ¢gKSNBlIa | tSaa KITIFNR2dza
b2 AdGSYya ¢SNB RSt SGSR FNRY (KS ao0rftSz Fa (K
a0FtSed LyadSIFIRS RFEGE 61 a &aeoftft O2fftSOGSR F2N
GKSY dzaSR Ay (GKS 4! QlGdz2lt ¢ F2N¥YO

88



2017/18 Completeness

b2 Fdz2NIKSNI NE@GAaA2yada 6SNB dzyRSNIF 1Sy I DSNI HAamMckMTY BKEHNBIONE AKSSaaidfo
RANBOGt & O2YLI NBR® / 2YLX S SiyrSoaicES giRidiHwv SE2I2)y @ Smv yidary SNA I9BINBt f @S I OWR aa | f
GKAOK Aa fA1Stfe 0SOFdzaS GKS NBaSINOKSNE KFIR fSaa WHRBaSIKESOK YSGH NI2G $ ROB

Table23: 2017/18: Number of complete scale responses of contemporaneous scale form.

| kG| 138 2F ¢S89 {20Alt /2Kl hLSYRSRYS Ly d$3aNt o2 wdzt § /¢t
¢l ot

S < Ao oa - Ao oa < AT a - AT a = AT a
N ! Od dzk t NBFSNJ ! Od dzi t NBFSNJ ! Od dz+ t NB TS NJ ! O dzr t NB TS NJ ! Od dz+ t NBTSNJ

b dzy o SNJ 2
SyiSNBR p p /1 p I p N p N p p I p p /i p p /i
b dzy o SNJ 2
O02YLX SGS

LI Nb OA LI
NBaLlRyas nT np nH oc on op on op op 0cC oc
O2YLX S e’ s y T H C yi T % T % T K T M T W

n:, C ¥z,
FOEOf dZRAY 3 GKS LyGS3INIe2y bALIIR [dbSae2yasr a (KSEI 6D
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Table24: 2017/18: Number of questions completed in each contemporaneousfsale
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2017/18 reliability review

Table25: Reliability data for 2016/17 and 2017/18 tool using contemporaneous scales.
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3.2.2 Impact of changing dimensionality on the Integration scales

2016/17

¢tKA&d alOlfS KF&a ljdzSade2ya LIKN}YaSR Ay 020K LRA
FSIFGdzNB GGKIG OFy OF dzaS RARLEBNEONEREA Y Y RB A LR M.
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jdzSaea2yad 6SNB FRRSR AyilG2 GKS &ddz2NBSeé 6KAOK ¢
Ff GSNBR LR aAoOSKYySBEcB®S RAYSyaAzylftAle 6

Table26: Questions in 2016/17 and 2017/18 Integration scales.
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Table27: Reliability data for 2016/17 Integration scales.

2016/ 17 Cronbach
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C2NJ 0KS LI2aAa @St & (LYNFORRNSG o2 It daSyal I NINE
t NEBFSNNBR F2N¥a IINB 1020S (G(KS (KNBakKz2fR 2F
YdzOK KAIKSNI GKIFIYy 20KSNJ a0l tSazx gAlK @It dsSa
C2NJ 6KS yS3lI oSt &k BRWREGRNNK If SZy I @I f deS/& SNy

F OOSLIilI6ft ST a 6SNB (KS 62 NNBDGISKR O RNBEfiRaP
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HyO ©

Table28: Inter-item correlation matrix for Integration Preferred (Negative) scale 2016/17.

2016/ 17 Integration Preferred, Nega
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Table29: Reliability data for 2017/18 Integration scales.

2017/ 18 Cronbach
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G2 noypcI 6KAOK A& &doff KAIKD C2NIMESYYyS3l o
O2NNBftlsa2ya 0St2¢ GKNBRaKz2f R (lofofBdNSt I GSR G2

Table30: Interitem correlation matrix for Integration Preferred (Positive) scale 2017/18.

2017/ 18 I ntegration Preferred, Nega
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Table31: Reliability data for all modes of Integration scales 2016/17 and 2017/18.
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3.2.3 Including and excludingfith data values.
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Table32: The number of scale responses in the modified SLEI Miithvalues added, split by year.
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Table33:ShapireWilks test values for each scale of the modified SLEI for 2014/15 and 2015/16 with and wifibwulines Data in bold is neparametric with a pvalue of less than 0.05.
Reproduced with permission fraqfRayment, 2023)
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Table34: ShapireWilks test values for each scale of the modified SLEI for 2016/17 and 2017/18 with and wifibwlines .Data in bold is noparametric with a pvalue of less than 0.05.
Reproduced with permission fraqfRayment, 2023)
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égggzﬁjf nog| mMmnanHuH| ndcqd ndp| mamf ndcy ndPdhq nd nomg nddpq nrT nomy
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3.2.4 Formation of the finalised scales

l'a GKS ao0FrfSa KIFIgS OKFYy3ISR GKNRdzZAK2dzi GKS @
Ay Of dzRSLINIga IMS 20Kt S AGSya Ay GGKSmnUylf &ol
LIKN} aSR ljdzSaa2y Aa AyOfdzZRSR Ay K S yadddeass2 yi
2F (GKS |jdzSae2y sAff 06S AyO2YLI SGSo

/| N2yol OKQa ! f LKI NBftAlFLoAfAGE lylLfeara ¢l a d
F2NJ SIFOK &@SIFNJ2F RFGlF O2ftS0Oea2ys 02K AyOfd
dzy I @F At ot S iy LINBONI2AdE 27 BSEE GFof S F2N 2
| 2KSAAQPSYySaas Aa pOKDKY NSt NB LINB aBlyafiS o RA TS
AyOf dzZRAY3 2N SEOKAHRAFHAI| HASEGHOAAS dzy RSNI |
AyOf dzZRAYy3 (KS NBJAASR ljdzSas2ya AYLINR@GSa (KS
FTNRY GROFf ST LISNX¥Aky3d GKS dzasS 2F | 3AINBFGESNI a
{20A1t [/ 2KSaA@SySakip!ljdbla®m 2y Of aeB$ RRIRVI Hinkap U
F2N) {20A1f / 2KSaA@BSySaa F2N Hamnkmp O2dz R Yy
GKS aolfSo

Table35: Example permutation grid for Social Cohesiveness scale, with Cronbach's Alpha values.

Scale| Year Questions to include Alpha score

'-'g’ 2016C1A 2016C2A 2016C3A 2016C4A XX 2016C6A .835

-
Q 2016C1P 2016C2P 2016C3P 2016C4P XX ‘ 2016C6P .782
ﬁ © 2016C1A 2016C2A 2016C3A 2016:C4A XX 2016:C6A .846
b u:') 2016C1P 2016C2P 2016C3P 2016C4P XX 2016C6P .857
% § 2016C1A 2016C2A 2016C3A 2016C4A 2015C5A 2016C6A .799
s 2016C1P 2016C2P 2016C3P 2016C4P 2015C5P 2016C6P .825
% ~ 2016C1A XX 2016C2A 2016C3A 2016:C4A XX 2016:C6A .848
'g %' 2016C1P XX 2016C2P 2016C3P 2016C4P XX 2016C6P 792
(%2} § 2016C1A XX 2016C2A 2016C3A 2016C4A 2015C5A 2016C6A q72
2016C1P XX 2016C2P 2016C3P 2016C4P 2015C5P 2016C6P .719
© 2016C1A XX 2016C2A 2016C3A 2016C4A XX 2016C6A .853
,E' 2016C1P XX 2016C2P 2016C3P 2016C4P XX 2016C6P .616
§ 2016C1A XX 2016C2A 2016C3A 2016C4A 2015C5A 2016C6A .817
2016C1P XX 2016C2P 2016C3P 2016C4P 2015C5P 2016C6P .530

¢l opBKDsa K2g GKAA LINRPOSaa 41 a dzy RSNIF{1Syz |
a4 RAAGISNRSRHE t SR Ay oflF 01 INB 6KSNB y2 RIGI
NEOAASR adzoaSljdsSyd G2 RIFGH NBR2 {GfK2GeS2 yBdK SLINGBS Y &
jdzSaoe2y 6l & NBY2OSR® . fdzS 602ES& ardyrife (Kl
NBfAFIOAEfAGE Fylfteara Ay G(KFG NBgsS 6KAES &St
¢KS Uylf O2NBAASYR AN 90KA S8 ad Ry KB K NBK LK K SaidRe
jdzSaoe2ya Ay 2NRENI FFALINBESKE Bp &FAISIRA EG I
NBGFAYSR F2NJ IylrfeadaAra FNB tAa0SR 2@08SNISHT>
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Finalised Modified SLEI

Social Cohesiveness
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Rule Clarity

hdzNJ £ F 62N G2NE KIFa Of SINJ NHzA S&a G2 3IdzA RS aiGdzRS
{GdzZRSyGa NS NBIldZANBR G2 F2tt2¢ OSNIIFAY NHzZ Sa
¢CKSNBE Aa | NBO23ayAaSR ¢gle& 2F R2Ay3a GKAy3a &l ¥
¢CKS AyadaNHzOG2N 2dzif AySa al ¥FSieé LINBOlFdmz2ya o6ST
Use of Technology

L¥ L FFOS RAYOdzZ aSa Ay GKS f1F02Nr{i2NB> L dza$s

ldzaS GFofSda Ay GKS fFo2NIG2NE G2 NBFSNI G2 Ye
SljdzA LIYSy i

2 KAfald Ay GKS fF02NFG2NE | éééaé ?dnquSMJNSLQA
L dzaS GKS GFrofSiéa G2 KSt mW2WE R AayOA SWeO Stél 6 2 NI (i 2
L dzaS GKS GFrofSta G2 I100Saa AYyT2NXNlEa2y 2y K2g
Attitude to Technology

LQY 3J22R ¢gAUGK GFofSaa

L fA1S 62Nyl Ay3a sAlGK (GFofSia

22NJAYy3 gAGK GFofSta AyaLANBa YS

L FY O2YF2NIFo6fS GNRBAYy3a yS¢g az2Dgl NB 2y (GKS (il
22Nl AY3 gAGK GlofSta Aa Y2edl ay3

L R2 & YdzOK ¢2N} Fa L OFy dzaAy3da GKS dlFofSia

L FSSt O2YF2NIlIo6ftS dzaAay3a I+ GFof S
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3.2.5 Reliability and validity of the modified SLEI

¢2 AYy@SaesedlriS GKS NBtAIFIOANERKE 2FaG&KSo INB  Niz
a0t So® 5Aa08B85xayByal @ zxRSNBI 1Sy G2 02y UNY
GSNBE RAAZONBGS YR GKSNB sl a y2 NBRdzyRIyOé A
2y OSdzaSKAd YdzZ a DI NAFGS ylfeara 1yz2eéy | a Ot
YSFadiNBa GKFG SFEOK aoOlfS Aa RAAONBGS o0& 0O2vY
30 fSad ¢KS IyrfeasSa oSNB dzyRSNIFYSY 2& Ay 3
LI NJ YSONKD NIFWRBIGWAY RFEGF aStdazr {LISENXYIY wK?2
RA & ONX YA VOley (Tddl foA RA G &

S5Aa0ONAYAYlIY(l OFrtftARAGE Aa | YSIadaNB 2F O fAR
FNB Ay FFOG YSFada2NARy3d tAYy]1SR odzi dzyNBf | G§SR
y2 RSUYSR @l fdzS F2NJ I OOSLIiIofS RAAGNRNYYS vy i
F S AGMBEN] 9 20T aRKS RIAMEPPNA YAY Il yi SFf ARAGE ¢
GKSYy (GKS LKSy2YSyl LI AN O2yaARSNBR INB fA1S
YSFEYAy3d GKSe& akKz2dzZ R mwyl2aiS R Si 2d2atS Ry dkQ/K |1 a0 2k yya (SN
AYOSY(2NREY SgKENB ADK$ S@G2 y NBENIRGAEA IYSR G2 0S8 a
NBflFay3a (2 | aAy3atS SYy@ANRYYSyGo

¢KS / NEEVIKIOKII f dzSa F2NJ GKS &a0FfSa NIy3IS FNRB)
O2NNBft a2y @l fdzSa NIy3IS FNRY ndndd (G2 nénnod
GAGK t2¢ OFfdzSa AYyRAOFay3d GKFG GKS aorftSa |
a0l f IZNIKY o OKF fl dz33K I F2NJ 62GK | Oddzrf FyR LINBTFS
022 KAIK 020SN nodpKAANI LB NKES 180 F2F 6 05D day €
dza S 2 F Gl oS S [0KLW Lizo tRASEOKE I RNAY2R (o2 (6 K OF NBEz$ & I D KJ
S5AAO0ONARYAYIlIY(d +FfARAGE NIy3aSa GGKIG O2dZ R 0SS
Ay O2YLI N azy G2 aitloasOlFlf 3IdzARStEAYySaod

Table36: Cronbach Alpha and Discriminant Validity ranges from a variety ctiStiédd tools and the

TROFLEI.

Reference Tool Cronbach Alphg Discriminant
Values Validity Range|

(Wong & Fraser, 1997) CLE(Modified 0.41-0.91 0.03-0.542
SLEI)

(Henderson et al., 2000) SLEI 0.580.92 0.100.52

(Lightburn & Fraser, 2007) | Modified SLEI 0.67-0.93 Not declared.
(4 scales)

(Aldridge & Fraser, 2008) | SLEI 0.850.98 0.150.48
TROFLEI 0.09 0.21

This studyEvans, 2025) Modified SLEI anq¢ 0.422 to 0.924 | 0.09 to 0.44
TROFLEI scales
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Table37: Reliability and validity data for the modifi@LEI final form, reproduced with permission from

(Rayment, 2023)

y 2 & aSly O2NNEBf

551 f 8 58 . SEN / NB ydl OK 2 G KSNI A0

0KS a LINBETY | OGdzl t NBFS

MT K MY noy nop n @4 n ®y

{2 0ALI ¢ MC K M1 nor nor n oy n oy

['2KSaAd MPp KM nor noy naony n OH

MN K M| nor norT n @4 n ®y

MT K MY noc noT noi n aq

N A . MC K M1 noc nop n @4 n ®d
hlLISY SYR

MP KM noc nop n ®( n oy

M K M nop nop|bk!

MT K MY n oo noc naod n oy

o MC K MT noy norT n oy n oy
Ly dS3N]

MP K M ( noy nor n o\ n ey

MK M| n oy noc|lbxk!

MT K MY non nop n @4 n i

MC K MT nop noT n o I RON(
wdzt/ 6 | N

MP K M ( noc nop n oy n oH

MN K M| noc non n @4 n ®y

MT K MY noc noy n oy n oH

A = A MC K M1 nor nor n o n ®(
(SOKY 2 & 8§

MP K M ( noc nor n @y n oy

MM K M | noy naoy n éj n oy

MT K MY noy naony n oH

Ik 0 dzR S MC K MT noy n oy n o

S OKy 2t MpP KM nodog naony n oH

MM K M n oo n oy naon
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3.2.6 Investigation of difference in student attitudes towards the teaching
laboratory environment.

I 1S8 GKSYS Ay GKS fAGSNYGdzZNBE NB3IIFINRAYy3I GKS
a0dzRSyGa GKNRJAdzBEKS O NI KSESN) PRORABEAMav2T 02y 0
RSOSt 2LIYSyld AYyRAOIFGS GKF{G ¢g2ddZ R 0SS Fy | yaOAa
RAGOSNBY(d SRdzOlez2ylf fS@Stfta ILILINRIFIOK GKSANI &
C2NJ 0KS LlzN1}2aSa 2F GKA&a O2YLI NRA2Yy>IX NBaLRy
ME fSHSt no 2N K248 Ay IINORIMBEIPHE ¢ SaNKSF¥DS

Table38: Number of students with at least one complete scale response for the modified SLEI, Chemistry and
Forensic Science students only.

‘ HAaMA|HAMp|HAMC | HAMT|C 2
(‘Q‘U)
Z<|bSy T 0 1 M H o| pH
o« O
O .
DNJ Rdz 0 (09] c M M d
<
> A .
w |bSo M d M d H M C cp
¥
—~ | DNJ RdZ p ) H M MJs np
¢c20l f on cT c I H I

wSalLkR2yasS NIGSa T2N a/ KSY o,SFNI n27¥ft €440 10
al KSY &a0dzRSyiGa NBALRYRAYy3I: (KAa AD2KRENBfe O
0SAy3a GeLAOlrfte t260

Distribution test of responses from students on Chemisased courses.

¢CKS G22f LISNFRANGYOAYLE AryaS (G 2CNR &gk & A YLR NI F ya |
f I NHSNI NEBZSISNOR YILINBZSYE (62 RSLI NIYSyGaz . A
C2 NBlyGMEK DS &idzRe F20dzaSa SE OﬁldzaﬁlwsmﬁalﬂESmK

YR &4d20a8ljdSyi Fyrfeara dasa SEOtdargsSte RI
C2NBy&aArO { OABYIOS RAQK NI Sylia ySOSaatNe (2 d
(KS / KSYAEGNE FYR C2NByaAd {OASyOS RIGI® {K

GKA& Aasdifie y®Ro RI G
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Table39: Normality data for all years of SLEI data combined, Chemistry and Forensic Science students.
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f SGItYy RI INI RdzZl oy 3 a0 @R SWIAS o2 Sd NBY R 1 W®R In&
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Table40: Outcomes of statistical difference tests for modH#&icE|l responses for Chemistry and Forensic
Science students, New and Graduating groups, all years.
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C2NJ GKS ! QlGdzrt aldoFrtsS asSisz GKS 2Af1Qa [} YoRL
GKSNBE A& | aA3dyAaUOllyld RAGSNBYyOS Ay GKS ! Odad
atidRRSyiGad ¢KS . 2EQa a (Sad oFtdsSa ayRROFGS

GKS RIFGF &aSda Y iOKILISNAYOKI NI QlzySIIBND (O iAy | iyreS
C2NJ GKS t NBFSNNBR ao0rtsS asSiz GKS 2Aaf1Qa [}Y
GKSNBF2NBE GKSNB Aa y2G | aArA3dayAaAUO0Fyid RAUOSNBY
AN} RdzZt ey3 &G dzRSyiae ¢KS 2EQa a & S®KS OI t dzSa
RA&GGNRAOdza2ya 2F (GKS RIFGlI &aBli&ld YBGRKD BHSOK

RFEGE @

¢ 2 )\yQJSé I3FGS GKS RAMSHBYOSEINEl d&AX &S NE F | Gzy LR
a0FtS aSlionmSaI NI AR NBSDH2YSYRSR (GKIG [ SO
+ | NJ\I-y’OSa Ada FLIWX ASR® !'a Y2al OFIRMIBINBWE Ay
a0l S alryvyLiSa NP taa&yYSRKG2yasgl 6KS BE®DS LI 2
I £ NJ\ijéz G KSNB Sljdz t n@nNnAd yOS Aa y20 | aadzys

Table41: Results from Levene's Test for Equality of Variances, Me8ifietidata, new vs graduating
students, Chemistry and Forensics students only. Actual Scale set.

Levene's Test for Equ
F p
{/ y! O 0.0 0.9
how! O 3.7 0.0
Ly! Odd 0.2 0.5
wi p! 04 4.8 0.0
¢SOKy! 0.8 0.3
l k 8 dzR S 1.0 0.3
¢ K& SE G NS ezt Ay RAKH0ISS GKFG GKSNBE Aa F adle

g2 2F GKS éél-tﬁ:ééSFNE'-FY WKEBK Y1 2G (i2dA &> &HSAR Ly G S:
GFAf S®lI 68854 LINB 0Sft2¢ (GKS aAA3IyAUOlIyOS (KNBa
¢2 NBLINBASY( (KS RANEZFY LER (RA SN ES v{SiNG ¥
G2 OAadzatAasS (KS O2 WHIWNI o FRKMISBAR RBKBEEIKS R
Y86 A0dRSYyGAa NP a02NAy3I AfAIKGEE KAIKSNI 2y
AN} Rdzt ey3 &GdzRSY
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Table42: Outcome for unpairedtest of the modified SLEI, new vs graduating students, Chemistry and Forensics students only, Actual Scale set.

I ndependent Samples Test

ttest for Equality of Means

95% Confi

I nterval

Signific Di fferen

One Two Mean| St d.

t df Sided SideqgDi ffelDiffe Lowe| Uppe

- 0.9 161 0. 1| 0.3 0.5 0.6 0.5 1.7
{/ p! O] Equal wvar
assumed

- 1.4 134 0. 0| 0.1 0.9 0.6 -0. 3 2.2
hog! O Equal wvar
assumed

“ 2.0 134 0.0 0.0 1.5 0.7 0.0 3.0
Lyp! OGf Equal wvar
assumed

- 1.6 99 0.0 0.1 0.5 0.3] -1.3 0.1
w/ p! O] Equal wvar
not assu

A . 2.5 17 0.0(f 0.0 1.4 0.5 0.3 2.6
¢SOKyY! Equal wvar
assumed

v o 1.6 17 ¢ 0.0 0.1 1.4 0.8 -0. 3 3.1
kadzRg Equal var
assumed
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Figurel2: Stem and Leaf plot of Integration Actual Scale responses for modified SLEI, Chemistry and Forensic
Science students, split by Graduating and new students.
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Figurel3: Stem and Leaf plot of Use of Technology Actual Scale responses for modified SLEI, Chemistry and
Forensic Science students, split by Graduating and new students.
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3.2.7 Discussion
¢tKS 2dzi02YSa 2F GKS RAGSNBYyOS (Saey3a FT2N (K
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a0 dREWNIDSA PSR SELISNASYyOSa 2F (KSEZSAVIRNDOA YIH)
GKFG GKSe KIF @S &aAYAL I NI LONRBE SiNBWEO S5 LIS Sy KOSA
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02y OSNYy o

IYLX 2RI YHZ2RANGRIKABAR2YABELNINRE RdzOS O2yaraisSy
NEBadzZ Ga +ta ¢2dZ R 0S I yoOALFANBR G2WDSNIOK NEB K
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B NR I ROBAGENE Ay | f2y3IAGdZRAY T 2N @F NBAy 3
2T SKSUKSN GKBYREKRR USHB & § 9B & AP &;IIS NI | 0
SYGANRYYSYyld 6KSNB + 6ARS GINASGe 2F O2dNBESaA
I LI2&aaAroftsS O2y(iNAROGdzay3ad FIOG2N) 2 GdKAA O NAL
SYGANRYYSyYy(l Ay@Syiliz2Ne adidetsS (2282 WAT/KAYA (ixK S
2F GKS {dzLISNI 06 SYy@ANRBYYSylio 91 OK2&SI NJ 1KS
OKIfftSy3aSa OldaAy3d dzyO2yiNRftftlIofS OKFy3aS Ay
O2YLI N &2y o0Si6SSy &SI Na OKIFfftSy3aayao 9EI YL

T / Klyasa Ay O2dNBS O2yidSyi
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AYYSRAFGSt® OtSFNIAT REGE o6& O2tt S80GSR Oz2y
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Table43: Data collection methods considered for qualitative dadfection.

surveys with researchers able to
represent unique responses as we
as common ones.

Data Strengths Weaknesses
Collection
Method

Open ended | Able to collect data from a larger | High volume of textual

surveys number of participantand can analysisand the possibility o

(Bradburn et | allow more accurate representatior] researcher influence is high,

al. 2004) of less socially desirable behavioul as there is no opportunity to
in comparison to closed question | ask additional questions or
surveys. explore topics raised further,
Allows for unique responses to be | unless paired with further
collected, not just common ones. | data collection.

Interviews Participantscanexpress their own | Time consuming to

(Kvale 2007; | opinions and experiences without | transcribe.

Rowley 2012; | peer influence. Possible impact of

Segal et al. Open ended questions in interview| interviewer on responses

2006) have similar strengths as for introducing biagKvale 2006)

Focus Groups
(Morgan 1996;

Discussion oéxperiences with
peerscan highlight commonality

Group dynamics require
careful management by the

Gill et al. and difference in experiences. interviewerto avoid peer
2008) influence bias.
Observational | Allows accurate observation of Structured @ta collection
Research student activities within the required,to avoiddata
(Cohen et al. | Superlabwhich is not skewed by | overwhelm

2017; Opie et | selfreporting. Analysis is very time

al. 2004) consumingand requires

iterative review.

It is possible that observatior
affects the behaviour of
participants.

Given the scale of the
Superlab, this was not chose
as observing in a highly
populated environment is

challenging.
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4. Qualitative investigation of teaching laboratory experiences

l'a GKS ljdzZr yallla@S LKIFIAS 2F (KAa &addzReé NrXAas
FyasgSR&BGA aA2y 61Fa YIRS (2 SYoN)IOS (GKS Y2NB
NBaSINDOKE o0& O2Yo0AyAy3d (GKS SEAaey3d ljdz yoailos
yIEYSte AyGSNDASsa 2 Fo o2 (KGN @S | g/MRA KAIEZRBR/ S
SYGANRYYSY o

4.1.1 Methodology

4.1.2 Mixed methods research.

aAlESR YSiK2R&a NBaSINOK NBftASa 2y (KS 02ttt SO
6¢l aKFE112NA 3 I NRaaKSt D2NhIhSYSYy Gl NBE |yl feaaa
AYGSaINI G SRV2EY EQEydzoA hyd az8AASBAES &K AniYAESR Y¢S
NEaSkNOK FgSyLiia G2 O02Yo6AyS (KS aGtNBy3adka 2
YSGK2RAY gKAES FgSYLly3a (G2 YAadrdS GKS 6SI
AYGSYRSR GGKIFG YAESR YSiKE RHDEWE NI f0ASH SoY2Lyt 22875
j dzI £ ANIR- 50SHMENDdKE oy d Ay | K2Y23Sy2dza LISNDSLI2Y
SYGANRYYSyYyis aKAORA IXWPR R IRSASNDOA NBfFsy3d
O2YoAyloe2y 2F lidzk t Al a@S | ywR (ljKdelyy aiiKAsid I INRBES
G2 LINRPGARS 3FdzZARIyOS (2 LN} Osoaz2ySNA NBIIFNRAY
GSIFOKAYy3 102N G2NEs 6KAES SELX 2NAy3a GKS SE
GSIFOKAYy3 f1 062N i2NROD

4.1.3 Phenomenography

t KSYy2YSy@3INBRKRY 9 2AlAf & KY de A AAIG 0 S YSUIK2R2f 2
ddZA GSR (G2 SELX 2NAYy3 SRdzOl sozhyNHA X ysB MK YOS v (i &
0SSy dzaSR SEiGSyargSte sAGKAY OKSYA&aGNER SRdz0
LIKSYy 2 68 gA 6 SINAY Avech db Tt Oda | NS @ S/t K INBHR ¥dBd 2 I NI LIK &

RAGSNE FNBW yA2(igdy YNEENB oo GLIK S Y 9 ¥ 82y 8 23 8J6 2 NI K
6. 26RSY 3 DONBSHYRSVYH non pal A FKE KK AN hKSy2YSy 23N |
RSAAIYSR (2 02ttSO0 RIGFE FNRY LINBOALIYyGA 2
GKFEG GKS NBaSENOKSNI 6KSy AYyGiSNILINBGa G2 3JlLAy
F20dzda 60SAy3I 2y LISNDSLIAKSI $RASKFLOSNR $y 0K SNLK
CKAA A& KAIKEE@ AYLRNIIYyG 6A0GKAY SRdzOF a2yl f

K2Y23Sy2dza I yR YI& NBIFOG RAIESNBNIGZES IMmd@So 0 (
6al NI 2 W NIgapfdazaAS@d a (GKFG LKSYy2YSy23IN} LKAO
O2Y0AYSR $gAGK ljdzt yall a@S RIFGF G2 LINBJARS |

LIKSYy2YSy2yod ¢KS OFLI OAGe (G2 NBLINBaSyid RAOSN
2PSND2YS (GKS LINBO2FOPQPAMNMBPYYXSNEf iyd 8¢gSIya O

4.1.4 Data collection and development

Focus groups and Interviews

t KSYy2YSYy23aNI LIKAO Ay@Sadsadlazy 2F |y SYBANRYY
RFcoL26RSY 3 ZI UKRRBAANBOIjdzZ f Al a@dSs 2LISYy RI
gFrNASie 2F YSiK2Ra OlFly 6S dzaSR (2 O2fttSOG R
02YY2Yy YSiK2Ra IINB AYyUSNWASGa | yR FT20dzza 3IANE
I F20dza 3ANRdzL) A& | 3INBdzZL) AYGSNIBASS F2NXI O3
FIOAEAGE GSRO V@I fl b 2RO/tldh (il A NP dzL) Y2 RE.N2 RR&Z A &
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Interview formats
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Figurel4: Interview themes and guide questions foeperson interviews with staff and students.
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4.1.5 Interview timeline

—[ Staff interviews (2017)

winterviews with staff participants

ain-situ in the Superlab

u-ocusing on staff practice and staff perception of student behaviours
ub participants

uManual verbatim transcription of audio recordings.

|

—[ Student interviews (2018)

ainterviews with student participants

an-situ in the Superlab

wF-ocussing on student perceptions of the laboratory

oF-irst and final year students were offered two interviews, to check for in
year variation.

o8 participants, 3 with second interviews.

uManual verbatim transcription of sections of audio recordings, with MS
Stream transcription being utilised for later stages of complete
transcription.

|

—[ Student interviews (2021)

uinterviews with student participants

uOnline interviews via MS teams

wF-ocussing on student perceptions of the laboratory

uSingle interviews offered due to logistical challenges of second interviews.
wAdditional questions on technology added to themes.

WY participants

wAutomatic transcription of MS Teams recordings using MS Stream, which

are manually reviewed to allow for verbatim amendments and for
accuracy.

N/

4.1.6 Data Analysis

lff AYOSNIBASGas 020K gAGK adrd FyR aiddzRSy
AYGSNIBASsa 6SNBE NBO2NRSR 2y (g2 RAIAGET | dzR
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NEF NN} y3aS GKSY LIKeaAOlftfted ¢KAA LINRPOSaa ¢l &
&0 NHZOUIHINBROK (2 Fff2g¢ GKS NBASINDKSNI G2 YIy
LINBOSyYy (i DPENIRKSE Y HAHMO

O O ax Cx
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115



S yaOALI SR O02yiGSyid 2F (KS NBalLkRyasSa | yR
FGSYSyida (G2 lft2¢ GKSY (2 06590BNRIERITENR
G§SNED wmHRa OFy 068 3INRdzZLISR (23SGKSNI (2 ONX
d420Al o2y 2N GKS2NBaOlf AYLRNIFYyOS ¢AGK?2dzi
RAY3a aK2dA R Y20S 0Seé2yR (KS YSNBte& RSaONX
S2NRWRSNEGF YRAY D DA 0K S BWlglb BNRA2LF O2y G NI &G =
R
u

Aya A& Iy FEO08Q)YFS OISy R2RAGHKESNRIIIK AN 120S || ND |

NJRNJSM*C:\X

A % 4 A x

2F SELISOGSR 0O2RS& YR &a0ONBSya (KS (N} ya
LSyfte SELX 2NAYy3I (GKS RIFGlF aSio®d LyRdzOegS O0O2R
YAYA&AS (GKS SuSOG 27F GKS NB2AYSIANDXKES NK¥ES LINSIO
Ffft26Ay3 ySs GKSYSa (2 SYSNHS>T NI
SEA30¢aAORBEEYNIEK Alyft @ A SH BR 1K LIKSy2YSy 23l
26RSY 3 DNBEBNES DISYEND f 6 ¢ KRYIOD 6 2 BELINE | OK
NES | Y2dzy G N}Y ¢ RIFGF adzOK Fa I GNIyaONA L
NYFG F2NJ O2YLI NRaz2y o0SG6SSYy LI NBOALIYGAD

H <, >
2 (D
Q
>
Q

SELYUfS 2F (KS O2RAW2 NIINKGESS UNEAE |88 VI
SNEXZ ¢AUGK 1Se StSYSyia ARSysUSR FTNRY (K
ax YR (KSy GKS O2RS&a o0SAy3d 3INRAZISR Ayl
5 .

2y A& FOFAEIO0ES Fa FLIWSYRAE co

116



Table44: An example of the coding process, showing quotes from participant responses, keywords highlighted and coding. Nameneapoeped into larger thematic codes.

ID Quotes Keywords/phrases identified Narrow Code Broad code / Theme
bLiQa G2 FLILIXe G(KS2NBOAOFt 1y2e6f SR3 applytheoretical knowledge | Apply Theory Learning Chemistry
practical skills" build up practical skills practical skills Practical/

Manipulative Skills
bAlG KSftLA Ay GKSANI dzyRSNREGF YyRAY 3 27 understanding what's being | Understanding Learning Chemistry

kinaesthetic approach to umm.. to actual learning as well but also they need tl

taught theoretically

physical skills to be able to operate in a lab environment safely basically” operate in a lab environment, Safety Practical/

safely Manipulative Skills
I: ok so, in an ideal world, would you always have students coming in with son: Lecture / lab link does not Chronology of Other comments
theoretical knowledge? always need to be learning

tY y20 lfglread LGQEA a2YSGAYSa GKI G

chronologicat linking theory

have lectures, so a lot of the practicals encompass usually a whole wide rang
knowledge across that particular module and of course that module is being te

basic skills that they would
need in the lab

practical skills

Practical/
Manipulative Skills

throughoutthe year. So at the start of the year we tend to try to give them the
basic skills that they would need in the lab, but some of the matepth

knowleR3S 2F &bl &z AyadNHzYSydldazy GKSe

in-depth knowledge
instrumentation in the
context of use

Understanding
(Instrumentation)

Practical/
Manipulative Skills

P: But, saying at the same time they are working in the lab and they are using
oFraArAd ailAffta odziz dzvyyYX G(GKSe@QNB yz2i
AyadNHzySyida 62N] ljdAGS a2 YdzOK:zZ a2
So it is nbjust a session where they are engaging in an activity that they follow
piece of paper like a recipe. It should be more an activity where they are actue

ESFNYAYI a GKS& 323 daYyYX FyR LRAAA
questionsofthy 3a (KS& R2y Qi dzyRSNRGI YRO®
LY 21X a2 GKSNXQa tA1S I 1yz2¢6ftSR3S

P: yes, there should be , yeah

SELX FAY & &2
actually learning as they go
Fa1Ay3a X ljdzSa

knowledgeseeking,
engagement

Active learning

Learning Chemistry
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4.2. In person staff interviews
¢tKS UNBG AYyGSNDASsHA dNRSNL 1
' LIAE 20 F2N GKS AYGSNBASe (K

Demographics of respondents

{S@Sy aidlid YSYOSNER NBalLRyRSR (2 (KS aSt S0Os?2
AYGSNIBASsa G O2YLI a0fS aYSa sAlK GKS NBaStH
GFofxS gripi K a2YS @I f dzS& HSYSNJtAaSR 2NJ NBY2 @8
GAGKAY SGKAOFf NBIldZANBYSyila a4 GKSNB NB ¥

RSY2ANI LIKAO AYyTF2N¥Il o2y GKIY A TSEakats8 F2N
YSYOSNE KIR (GFdAKG Fd b2ky3aKFYYRNBYNS | FAPBN
G2 GSIFOK 020K 6AGKAY GKS {dzLlSNI I o FyR SEGSN
' YABSNEAGE D

Table45: Anonymised demographic information of staff interview participants (2017)

ID | Age Gender Teaching Area Years of teaching
experience

S2 | 36 & over | Male Analytical chemistry Over 15 years

S4 | 26¢35 Female More than one area of chemistry 5-10 years

S5 | 26¢35 Male Inorganic chemistry 5-10 years

S6 | 26¢35 Female Inorganic chemistry Less than 5 years

S7 | 36 & over | Male Organic chemistry 5-10 years

Staff Interview outcomes

wSadzZ 64 INB LINBaAaSYyGiSR aSLINY¥GSR o6& ljdSasz2y

jdzSae2y A& LINBaSyidSR G GKS &dFNI 2F SIOK a
SFOK GKSYS 2N ljdzS&de2y 3INRdzZL) G2 FEfAIy adld L
5dzS (2 niKSHzABMNBER y I GdzNE 2F (KS AYy(iSNWASgax
aryYS 2NRSNJ G2 Iff LINBOALIYGAS FYR AT (KS L
j dzSda2yxX Al YIe& KIFI@FS 6SSy 2YAgSRO®

¢tKSYSa FNRY adlid AYyGSNWASsa sAff 0SS NBbSOGS
AYOSNIDASsE GKIG G221 LXFOS Ay &doaSljdSyd &8s

4.2.1 Purpose of the teaching laboratory

Ly GKAa &aS0Oe2yzx (GKS adl YSYOSNﬁ 5 SNBE NBalLR
0KS LlzN1J32asS 2F GKS GSFOKAy3a f1I aSaarzya I N
{GFd ARSYyaUSR YdzAf oL S LlzN1k2aSa 2F GKS GSI OK
ailrd AyOfdzRAY3 tSINYyAy3ad GKS2NEBX fSFENYyAy3a LN

AYONBIFAAYI FEYATAFINRGE 6AGK (GK$Saf lGKSNISE2 NB
SFNYyAy3 OKSYAAGNR (GKS2NE

ff adGld LI NPOALIyYyGa NBFSNBYOSR (iKS2NBaOl
Fo2NFG2NRBS gA0GK &aSOSNIf NBFSNNAYy3I | LILX AOF e
tF NBOALIYH {H AYRAOFIGSR (KIG GKS GSIFOKAy3 ¢
daK2dzf R 6S FLILX @Ay3d GKS2NBaOltf 1y26f SRISP ¢K
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aK2dzZ R 0S Iy SY@ANRBYYSY(ld Ay 6KAOK &addzRSyia
USR YS(iK2Ra (2mI98R X¥ES 0 BKAX DARYAHT SRIS L
AYRAOIGSR GKIFIG GKS& &l ljdzSadae2yada 2F GKS ali
NB Ot iLBBfo@2 N 62 NE SELISNAYSyGa 6KSNB addzRRSyida
GKAY1TAY3Id ¢KAA LI NBOALI YyG AYRAOFGSR GKIFG
atdzRRSyila aK2dzZz R 0SS o6fS (2 lal ljdSaez2yao

tF NPOALI yiG {p F3INBSR GKIFIG GKS LildzN1J22asS 2F GK
GKS2NESZ AYRAOlIoay3d GKI G []KS LszNJ_J2 s 2? iné i

LI ASR o6& aiGdzRSydGa (G2 ljdzSas2ya Ay aSY)\yINE
GKS GSIFOKAYy3 f1 062N G2NEOD

LY 2KIFIG R2 @2dz GKAY] GKS LJzN1J as$s

tY ¢2 aK2g GKSNBQa | NBFf dzasS F2NJ 0KS

GKAY3IZ 6KSNB e2dz IS4G UNmG adlr3IsS aAa AyidNd

GKSNB @2dzOQNB aK2gAy3d oKI{G 222i0NBT a@KBI2 &

GKSY 6KIG @2dz 1y263 &2dz R2y Qi 1y2¢6 Al

Gdzi2a2NALFE& X YR 1AYRIF X ljdzSae2y ol aSR
LY @8SI KD

tY G2 I LINRotSYZ YR KSy GKS flo Aa GK

GNBEAY3I (G2 YIS a2YSGKAy3®

LY 212 a2 A0Qa a2Nl 2F | o2dziXx NBGA&AS

tY &SI K

Figurel5: Excerpt from interview with participant S5 on the topic of the purpose of the teaching laboratory.
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tY &2 aArAky3a Ay | £SO0GdNBE GKSFGNB AayQi
Ayid2 LINY Oa OS> YR a2z &SIFHK GKF{Qa
LY 212 a2 A6Qa tA1S T F2NJ eé&z2dz AlQa
tY 8S8Sazo Ld R2SayQi KI@S G2
LY &SI KK
tY AG Oy 0S8 O02YLMzil o2yl ffée 2NE 2
LY odzi AdGQa GKS FLIWIXeay3d GKI
tY GKIGQa
LY N}YGKSNI GKFy GKS LI aaix@ds
ty 88Sax &SIKo &SIK

Figurel6: Excerpt from interview with participant S7 on the topic of the purpose of the teaching laboratory.
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Figurel7: Excerpt from interview with participant S6 on the topic of the purpose of the teaching laboratory.

tF NbOALIYGE {n AYRAOFGSEA GKIFIG GKS GSIOKAy3 f
02y OSLIiaod
¢tKS O02YYSyida FNRBY LINBOALIYGA {c YR {n INB

IKS@XEY I KA/OKec Bdz33Sada G(GKId NBLISIGSR Sy 02 dzy
2dzi Ay oYS I'A"RaAAGBHSOE®E (BLIRNARIGSNYAYyAYy3D i
f 21 Baoy 3 dff BHINYWIYNE OALI yia 6SNB a]lSR a2 KI

fFro2NrG2NE &aSaarA2yé¢ yR aoKIG | adz0O0S&aa¥dA

udzsaazy G2 GNB IyR NBaz2ft@S G(kKS O02YLX SE yI {d
fl 02N 02NEKS SHIOKANVAIKKad2Y 2F (KS2NRB RSaONAOSR
Fta2 0SS SyO2YLI &d4SR o6& &L}l OSR NBLISoosz2y (KS?2
SyO2YLJ) aaSa @FNAR2dza (SFOKAYy3 YSGK2RazI AyOf d

F2N) 42YS 2F TLWKOBKSANE Al0F oRFA@NAOSR [ 620So

t F Nb OAHLIYWRG § c{ adz33Sad GKFIG GKS GSIFOKAyYy3 102
aGdRSyGa K2 LIRYTYNMIRSIY2ZNSE (SHWHA YIS gAGK {c
GSFOKAY3 f102NFG2NR A& o0SYSUOALFE F2NJ alddzRSy
ARSYyoTe By H SHOKK yEK t F 62NF G2NB dzaSa || 1Ayl Sal
¢KS LIKN}YasS alAylFrSaidKSaO | LILINRIF OKE¢ YlI& o6S fA
f SINYyAY3 GaCRTESADIR RIBAKIGZDF NJ I yR 6ARSt & dza SR
GKIFIG AYyRAOFGSa (KFG &dd0ddzRSyia Kl gSiII®{EANBE TSNS
¢tKA&d Y2RSt KIFa 0SSy ONARaOATSR F2NJ I f1F01 27
f SENYAGFIAPA[HRES®E | f T HAMCO
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YySSR Ay (GKS t10: m&Ii&K2YF28FSRAS YZINBI
2y Qi fSFENY dzyof fFGSNI 2y . dzii s K& & Ay |

NS dzaAy3d (K2a$8S olaArd aljArtta odziz dzyyx
GKS AyaidNXzySyida 62N)] ljdzAdS a2 YdzOK:zZ a2

Figurel8: Excerpts from interview with participant S2 on the topic of the purpose of the teaching laboratory
and practical skills.
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Figurel9: Excerpt from interview with participant S4 on the topic of the purpose of the teaching laboratory
and practical skills.

tF NBOALIYH {c AYRAOFIGSR (KIG OKSYA&GNER A& |
AYLRNIFYG FYR INB fAYy1SR (20NB o4 GdARB B8ORS daF
LI NBOALI yi fA&GSR I OFNARSGe 2 T NBS K yWA2INIZSIZ2 NiE
SELISNAYSYy(ia YR ARSYyaUSR (KIG NBLSsoazy 27F



28fftX [/ KSYAAUGNBS SaLISOAL {
2dzic 2F AG | NB LN} Oa Ol f
tfSFad G2 &adFNI 20 6A0KXTFIKKSA AINBa Ladeda §

tY 6AYRAZayOlO
g2dz ol yd G2 3Si

l'YR GKSNBQa y2 20KSNJ 6l &% NBIFf§
2y OS> o6dzi LINBFSNIofte NBLISIGSRE @
NB b dzElAfyta 2 T FiaK 28528z (gk2Adyt R Yy SSR

e

T2N) 6KS

G2

iz €8

R2 2V

Figure20: Excerpt from interview with participant S6 on the topic of the purpose of the teaching laboratory
and practical skills.
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Figure21: Excerpt from interview with participant S7 on the topic of the purpose of the teaching laboratory
and practical skills.
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4.2.2 Aims for students in the teachiaboratory.
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Figure22: Excerpt from interview with participant S6 on the topic of aims for students within the teaching
laboratory.
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Figure23: Excerpt from interview with participant S5 on the topic of applying theory and problem solving
within the teaching laboratory.
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Figure24: Excerpt from interview with participant S2 on the topic of the aim of student independence in the
teaching laboratory.
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4.2.3 Actions taken to achieve aims in the teaclabgratory.
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4.2.4a Studenperceived purpose of the teaching laboratory.
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Figure25: Excerpt from interview with participant S6 on the topic of students thinking about processes
undertaken within the teaching laboratory.
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Figure26: Excerpt from interview with participant S6 on the topic of student's aims in the teaching
laboratory.
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4.2.4b Student learning in the teaching laboratory
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Figure27: Excerpts from interview with participant S7 on the topic of student's outcomes from the teaching

laboratory.
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Figure28: Excerpt from participant S5 on the topic of students learning an appreciation for the difference
between theory and practice.
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Figure29: Excerpt from interview with participant S7 on the topic of student learning in the teaching
laboratory.
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Figure30: Excerpt from interview with participant S2 on the topic of students developing confidence within
the teaching laboratory.
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Figure31: Excerpt from interview with participant S5 referencing practical skills developed within the
teaching laboratory.
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4.2.5 Student aims in the teachiladporatory.
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Figure32: Excerpt from interview with participant S5 on the topic of student mindsets within the teaching
laboratory.
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Figure33: Excerpt from interview with participant S7 on students who have the aim of the best mark
possible.
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4.2.6 Student motivations in the teaching laboratory
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Figure35: Excerpt from interview with participant S5 on the topic of interest as a motivating factor.
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Figure36: Excerpt from interviewvith participant S7 on the topic of interest as motivation.
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Figure37: Excerpt from interview with S7 on the topic of students who disengage from a particular subject
within chemistry.
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Figure38: Excerpt from interview with participant S5 on the topic of less motivated students in the teaching
laboratory.
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Figure39: Excerpt from interview with participant S6 on the topic of students not making decisions within the
teaching laboratory.
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Figure40: Excerpt from interview with participant S6 on the topic of panic in the teaching laboratory.
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Figure4l: Excerpt from interview with participant S5 on the topic of sudent fear in the teaching laboratory.
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Figure42: Excerpt from interview with participant S6 on the topic of students struggling in the teaching
laboratory.
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Figure43: Excerpt from interview with participant S5 on the topic of effort and progression in the teaching
laboratory.
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4.2.7 Successful teaching laboratory session
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Figure44: Excerpts from participant S4 on the topic of a successful teaching laboratory session.
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Figure45: Excerpt from interview with participant S5 on the topic of a successful teaching laboratory session.
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Figure46: Excerpt from interview with participant S7 on the topic of unanticipated learning.

144



t N} OaOFf 2dziO2YS

tF NBOALI Yy ¢ AYRAOFGSR | &adz00SaatdzZ GSI OKAY
a0dzRSya UyAaakK GKS SELISNAYSyid:=Z YR y20KAyY3
g2dzf R LINRPRdzOS GKS | LIINPLINAFGS LN} OaOF f 2dzi O

tF NBOALI YOG {p 62dz R YSI &daNB | &dz00S&aafdA (S
SELISOGlIeaz2y GKFEG Ittt &addzRSyi(a ¢2ndzRt K &S | OK
LIN2 RdzOli o6& GKS SyR 2F (KS fF02NIUi2NRED ¢KAA

I OKASYSYoe G(KS adlFd YSYOSNEX yR Al 6l a yz2aSs
a0ASyO0Sa A#i GKF (0 KEKSLINR RdzOe 2y 2F |y 2dzi02YS
SEIFYLXS (GKS 0A280A8Sy0Sad ¢KAA LINBGBALIYGH Ay
FoftS (2 OGSNATFTe GKIG GKSANI LINRPRdAzOG Aa GKS | L

tY ¢2 YSI GKS& 3IS4G I yAOS LINPRdAzOG 6AGKA
ONEadGlfa GKSE@QNB YI1Ay3z: (GKSe& 13

LY &SI K
tY GKSNBQa I aSyasS 2F OKAS@SYSyid |yR L

0SO0dzaS oAz2ft23e @2dz2Q@S 3I20 G2 6l Al FT2N

OKSYA&UNR @2dz2OQNB y2i RSIFIfAy3 gAGKY A (aA

AYEYAYIFGS GKAy3a GKFEG &2dz Oy NBFOG G273
0SSOl dzaS &2dzQ@S Llzi Ay &a2YS KIFINR 3INID ¥F2
FYFEESEFotS dFyaAaot S LINERdZ

LY &@SIK

tY YR AT AlGQa RSaONJ\oSR Ay GKS YI ydz €
LJzNLIX S ONRaidl tax GKSNBQa GKIFIG asSyasS 2

Figure47: Excerpt from interview with participant S5 on the topic of successful teaching laboratory sessions.
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Figure48: Excerptdrom interviews with participants S4 and S6 on student happiness as a measure of success
within the teaching laboratory.
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Figure49: Excerpt from interview with participant S6 on the topic of studentcaglEeptions of achievement
within the teaching laboratory.

iKFEdG (KSe KI @8

t I NBOALI YOG {n Ff&az2 aLSOAUSaE i

G§SFOKAY3 102N i2NRe GKIFIG A& RSaArA3aySR G2 FI O
Aad NBIdZANBR (2 KIFI@S GKSANI RIGFIHIRS AYSIRORAY B &
fro2NIG2NED® ¢KAA LINPOGARSA 'y 2LILRNIdzyAate G2
NEO2NRAY3A (SOKyAljdzSaz &A3dya madfli GAyiiTKdeayA 20yK 2 N
aSHONBYRSgAYT gKSGKSNI GKS & GdKAWiE K3 2WI [ 20N\
aSaarzyo

' 44S3aaYSHaS Fd At Re

¢ KNBS LI NbOALIYyGaAa YSye2ySR GKFG FG tSFHad az
fr02NG2NR A& fAY1SR (2 ladaSaayvySyidao

t F NbOALI Yy {ricl cdd2/NISINZINE Sval MlyAy 3 S KSNBOSNI G KS
f a20AF0SR gA0GK

y
“NHS LINRPLEZ2Nb2Yy 2F GKS YIFNJ]
1Ay LN Ay GKS GSFOKAy3 ¢

i K

|

| &

Gl I 0 2ING ZiNINE2 NS 4 &
SyO02YLJ) aaSa K2g (2 AYLINROGS GKA

a YIFN] FT2N Td

tY ,2dz Oy 3IAQGS GKSY F 3INFIYRSTI 3ISYySNIffe
FyR 3Sky3a G2 GKS SyR 2F (KS flozx &

Figure50: Excerpt from interview with participant S6 on the topic of teaching labordtasgd assessment.
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Figure51: Excerpt from interview with participant S2 on the topic of peer tutoring related to the teaching
laboratory.
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Figure52: Excerpt from interview with participant S6, on the topic of emotions within the teaching
laboratory.
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Figure53: Excerpt from interview with participant S7 on the topic of marking products within the teaching
laboratory.
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.2.9 Technology enhanced learning in the teaching laboratory.
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Figure54: Excerpt from interview with participant S2 on the use of analogue instrumentation to aid learning.
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Figure55: Excerpt from interview with participant S4 on the topic of teaching students to use technology
(tablets) within the teaching laboratory.
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4.3 In person student interviews

Demographics of respondents
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Table46: Total responses, selections, and recruitment for phase 1 of the interviews (2018).

Year Group Number Number Selected | Number
Responded Interviewed

1 (FHEQ Iv 4) 28 12 1

2 (FHEQ Iv 5) 19 12 4
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Table47: Demographic information of interview participants (2018)

ID | Gender 2nd Age | English as| Disability | Year | Course
interview first of pathway
language study
1 12 | Female | Yes 18 No No 1 MChem
21 Chemistry
2_01 | Female | Not 18 | Yes Yes (which | 2 FdSc
offered 21 impacts on Chemistry
lab
experience)
2_02 | Female | Not 18 | Yes No 2 BSc
offered 21 Chemistry
2 07 | Male Not 18 | Yes No 2 MChem
offered 21 Chemistry
2 11 | Male Not 18 | Yes No 2 BSc
offered 21 Chemistry
3 .19 | Male No 18 | Yes No 3 BSc
21 Chemistry
3 21 | Male Yes 22- | Yes No 3 BSc
25 Chemistry
4 01 | Female | Yes 18 | Yes No 4 MChem
21 Chemistry
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Figure56: Excerpts from interviews with participant 1_12
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Figure57: Excerpt from interview with participant 2_02.
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Figure58: Excerpt from interview 1 with participant 3_21

{AE RAGSNBY(G LI NbOALRYRN AR FKALIUS R o @I & | BWINI &

ALISOAUOlItte fTAY1ISR (2 FdzidzZNBE OF NESNJ LINRALISO

159



AYRAOIFIGSR (KFG RS@GSt2LIAY3I LN} Oo@HfaSRI ATt & o
Ol NB S Nip

t I NBOALI YOG Hynm AYRAOFIGSR GKIG SYLX 28SNBR NB
2LISNY a2y GAGKAY GKS f1F 02N G2NEO®

2 KSy |jdzSNASR FTAdNIKSNE LI NbOALIYG mHywnm AYRAO
fro2NIG2NE SY@BANRYYSY(l 6la |y AYLERNIIYyd GKA
AAIYyAUOlFYy(d RAUGSNBYOS 4AGK GKSANI LINAR2NI SRdzO!1
SRUHz®2Y ¢4l a Yzailite (KS2NBaOlIf gAGK fAGES f1 06
wOo2YY2y aSyasSqQ (2 GKSY y246> gl a arAYLX @& dzyly
LINE AN} YYS O

t I NBOALI Yi Hymm &l A GKFG GKS (SIHFOKAYy3 fl oz
G§SOKYAIljdzS&d NBIjdzA NBR F2NJ Fdzi dzNBE OF NBSNER Ay O
flro2NrG2Ne GSIHOKSa avltft G(SOKyAldzSa GKIFG OF

t YYR aleé (GKSeUNB (G2 3IABS dz& NBFf tAFS S
FdzidzNBE F2NJ I ye 220a& Ay@2f @gay3d f1 06 62 NJ
G§SOKyAljdzSa GKIG ¢S OFy GKSy &N

tY GKAY]1l AG 61 a FdzyRFEYSydlrtte 3ISky3da (KS
1y26 2dzNJ 61 & | NRPdzyR GKS f1 0 FyR dzy RSNH
XI'yR (GKSy AlG odzAtRa (22X tA1S dzamywd i H
NBI Os2ya f&az2 (2 | Oldzrtte odzAf R dzLJ |

LIN) OaOFtfa GKFG G118 LI

(o)1]
0S8

Figure59: Excerpts from interview with participant 2_11.
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Figure60: Excerpt from interview with participant 3_19.
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Figure61: Excerpts from interview with participant 4_01.
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Figure62: Excerpt from interview with participant 2_11.
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Figure63: Excerpt from interview with participant 3_19.

5A 0
¢ KNB S
GKSANI I

GSNByOSa Ay
LI Nb OA LI y i a
02N} G2NE

t I NbOALN yi
RS@St 2LIvSyi

(§SOKYAIl dzSa

HYMM A
2F ai
f SNy

tF NbOALI yi oymd A
t N2 2SO
GAGK Y2NB NBfAIyO
LIN2 OS&aad ¢KS Gl dAa
G2 F2ad0SNJ I
flr0o2NFG2NE Sy dAaNR
LINE ©

t I Nb OA LK YRA Opinfa2 NI | Xia

t26SN) £ S@Sta (KS
iKS

f SFNYyAYy3Is 2y8SIIKS

LJdzN1 J2

f 02Ny G2NE

LILINE LINR | G S

tSY aR2@OAYFAAVKIlY

f SOGdzNB YIFGSNALF f o

as I
ARSyaUS
Ol NB SN
YRAOI GSR
FYyRIFIf2yS
AY LINBGA
RSya
a
2

i (D
(V0

(@]}
o X W
N

w

S
K

Z X<~ W

R & W O™
v

SKI @A2dzNJ 6 AGKAY
YYSyilid ¢KS LINP2S®ENX 82N
& ONR LI

Y2NB AYy3INIAYSR |G KA
G§SFOKAY3 t1062NXi2Ne O2yidSy

'd KAIKSNI £t S@Sta GKSN
NBSH NBYy OGKS (Sl OKAy3 102N

St aS6KSNB Ay fSOGdz2NB O2yiaSyid G Fiftod ¢KAA L
NBIljdzA NEBR GKSY (G2 68 o6tS (G2 RSaA3IyW SELISNAYS
LINSGA2dza &SI NBRO®

5Aa0dzaarzy

¢KS LiJdzN1J32asSa 2F GKS GSFOKAy3 f1 02N G2NR ARS
a0 0 LdzN1J2asSa 2F GKS GSFOKAy3a fFo62NrG2NRE S
LIN} Oa OF f &1 AX ka2 4 S/GS ND I a&YTAdZRRS YNR (13 Nb OA LI yia R,
Y2NB (KIFy GKS auiRIOASYEIKREYGR Lit NIiyEa RINIZO Y a1 Af
RS&AANBR OFNBSNJ 321 fao

¢tKS adGdzRSyiQa KAIK RSINBS 2F F20dza 2y LINI Oe
6wdzaasStt | yR REWEBHNE hnyyR 2SI SN AYRAOFGS
NEFRAf® fAY] GKS GIKESANES2NE (S NGO BdzNEE D KENE
y2i GKS 10125¥S35y eAiideRSy & AYyRAOlIeay3d (KI G (KS@
Al A& y20 GKS YIAY BRYCRINBKSBYVIISAYVKAKAs S EH R
SYLKI aA&8 2y LINY OaOlf 2N YIyALdzZ I oS &1 Aff &z
FyR aS@SNrt adGdzRSyida AyRAOFay3d GKFG GKS& | N
0SS OF NESNA FyR LINY OaOlf aiAftta 3IFAYSR AY
6DFEf 26 ERUAMMTOE SENIT @ AYLRNIFIYGd G2 GKS &idzR

162



CNF YATSNNI of SAF] SR &2 ¢ SEBIdINS IS yNSHSINBR ARG (G SR
GKNBS aiGdzRSyda Ay GKAA adGdzReé |a (8HzZR3YyRSEDSH
Oty &adNHAI3ItS (2 Nb Odzf I 1S olay2RNNI@GA BIi@§ i KSia
KFEoay3a aidzRSyida NBO23aIyraairy3d GKFdG GKSe& NB R
fro2NXG2NE A& | RSaANIa®$ St AN REzZ TagITEHIRDE v /SH
GKIFG GKA&a OFy o YLIKI &8A &SR ¢ MERKASY 0 8RR WAS
NEbSOa2y GKAOK Aa Iy StSYSyd KAIKEe@ SYLKI &A
¢2Yladazy D22Ra&MyEISE GF A din iBPOKAY I Ay idSNIBSYy
aGdzRRSyGa Ay FINbOdzZ Fey3a (GKSAS &a1Aftfta 3ILAYSRO

(p))
(p))

¢tKS OKFIy3aSa Ay (KS LISNDSAPGSR LHzN1RasSa 2F (K

O2dzf R 06S AYRAOIa®S 2F I OKIy3aS Ay §SINyAy3

GSNB | a1SR o62dzi GKSANI GSIFOKAYy3 f ID&NI G2 NEB

SELISNASYyOSa i I &alLISOAUO tS@Sts GKA&A 6l a y2

AYGSNIBASGaT YR Al ¢62dd R y2G 6S SELSOGSR (K
|

O2dzZA R 6S Iy I @SydzS F2NJ FdzNIi KSN2 Qs SNED KB al &
2NIBYRIS NBbSOodS AYyiSNWBASsa O2dAZ R SELX 2NB
LI NbOALI yia KIFI@S Ffa2 NBFSNNBR (2 G4KAAa RS@S
AYRAOI @S 2F 023yAo@S RSOBVALINWNEYEFKDK N dzB K

L12adaAofS AYRAOlIa2Y 2)1{ ORNG 150 2 IWRA B YIK & I2NB ySpo
atdzRSyiGa oK2 gSNB |ofS (2 ARSyasTe uK)\é RS@S
alidzRSyia oK2 @gSNB Ioté G2 I NpOdzZE S GKA& RS
8SIENI 2F GKSAN)I O2dz2NES&®
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Figure64: Excerpt from interview with participant 2_11,
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Figure65: Excerpt from interview with participant 4_01, second interview.
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Figure66: Excerpt from the first interview with participant 3_21
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Figure67: Excerpt from second interview with participant 1_12.
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Figure68: Excerpt from interview with participant 2_07.

Three participants referred to learning best practice within the laboratory, in relation to
practical or operational skills.
Participant 2_01 indicated that demonstrations within the laboratory by staff teach them
0Sad LINI OGAOS:E $KAOK (GKS& ARSYUATASR & agK
apparatus or instrumentation, which the participant agreed could be categbasebest
practice. The example they provided, separating funnels, links to both ideas of safety and
appropriate effective use of the apparatus.
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Figure69: Excerpt from interview with participant 2_01.
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Figure70: Excerpt from interview with participant 3_21, focussing on the concept of good laboratory
practice.
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Figure71: Excerpt from thérst interviewwith participant 4 01, on the topic of preparation for the
laboratory.
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Figure72: Excerpt from first interview with participant 3_21 on the topic of unexpected outcomes to
experiments.

tF NBOALI Y oynHm LINPDBARSR FAzZNIKSNI AYF2NNI a2y
Ay GKS &aFYS GSIOKAy3a f1 062N (i2NE &aSaarzys gA
dzy RSNIi221 +ty SELISNAYSYy(d Ay@2ft@gay3a | fA3lyR

SENBYSY(d LINRPOSSRSRE 42YS addRSyda 206d0FAySR
RAGSNBY G aidNHz2OGdzZNBE 2NJ YSUK2R 2F &ddzoasldzm2yd
SELISNAYSyiG &aLISOAUOFfte RSaA3IYSR (2 akKz2g GKS

168



a0dzRSYyG AYyRAOFGSa GKIG Al KSELISR GKSY | LILINB
G NAlFoAfAGE (G2 SELSNAYSyiGlt 2dzid2YySao

5Aa40dzaarzy

¢KS fSIENYyAy3a ARSYysaUSR o6& &aiddzRSyda FyR adlid

GKS2NBoaOlIf OKSYAAUGNR dzyRSNREGEFYRAY3I 2N f SNy
ARSYaUSR fSINYyAy3d K2g (2 06S AYRSLISYFREFGE 6K
aK2dzAZ R £t SINYy K2g (2 R2 &d0ASyOS>s AYyRAOlay3d ¥

LINE OS RdzNB @
¢tKS NBalLkyaSa (2 Aa ljdzS&de2y | NB GSNE aivYa
LIAZNLRABSENA Y 3T (KS alyYS oNRIFIR GKSYSa Ay afA3ak
F20dzaaAiy3a | fAgf Saa 2y tSIENYyAYyaIdOKSYA&HN
t N} OaOFf alAftftas O2YF2NI FyR GNIyaFSNIoft$sS a
f S@GSt 2F NBRdzyRIFyOeé Ay (GKA& ljdSas2y o

4.3.3 Student aims in the teachiladporatory.
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Participants in these interviews often referred to completing the laboratory, obtaining

the appropriate outcome, or obtaining high quality outcomes. Indeed, only one

participant 2_01 did not explicitly mention the practical outcome of a laboratory session,
K2gSOSNJ 6KS8 RAR NBFSNBYyOS aFAyAaKAYy3IE GKS
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Figure73: Excerpt from interview with participant 2_01 on the topic of finishing the experiment.

Two students explicitly referenced the importance of completing the experiment within
the allotted teaching laboratory session.

In their first interview, participant 3_21 indicated that they wanted to make minimal
errors and therefore complete the experiment. The researcher clarified the response and
200FAYySR (KS adGdzRRSydQa FaINBSYSyid Ay tAYy{1Ay3
experiment.

Participant 3_21 was consistent in their response in relation to practical outcomes being
an aim for them in the laboratory in their second interview, with an emphasis on
personal thresholds of acceptable working focussing on safety and good practice.

In their second interview, participant 1_12 identified different types of practical

outcome, linked to what the laboratory script or instructions indicates that should be
achieved.

Four students referenced the importance of the quality and precision of their data set in
relation to either obtaining the practical outcome, or assessment.

Participant 3_19 indicated that in their first year, they had aims related to the practical
outcome, making them more similar to participants 3_21 and 1_12 as discussed above.
However this participant identified a change in their aims once they were more familiar
or comfortable with the teaching laboratory environment, switching to focus on the
guality of their outcomes, but they do still emphasise the purity and yield of the product
or practical outcome.
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Figure74: Excerpt from interview with participant 2_11 on the topic of practical outcomes and quality.
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Figure75: Excerpt from interview with participant 2_07 on the topic of practical outcomes anessedm.
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Figure76: Excerpt from second interview with participant 4_01, on the topic of time efficiency.
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Participant 2_07 indicated that they aimed to use the machines and use the equipment
as effectively as they can, to achieve good results.

Participant 3_19 indicated that they repeat techniques until they display a degree of
competence.
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Figure77: Excerpt from participant 3_19, on the topic of practical competence.

tF NbONWMMF GOGKMS 2yf& LINBPOALI YO G2 SELX AOAGE @
LIN} OaOFf &aiAftfacd ¢KAA LI NBOALIYGHGE ARSYyaUSR I
GAGKZ YR GKS adSLlda GKSe KFR (1 1Sy G2 AYLNE
GEKFALdzZSd ¢KS LI NbOALI yili ARSYyaUSR GKIG A YLINE
¥FSSt tSaa aiNBaaSRo {GNBéé gAGKAY (GKS GSI OK
& SOAXKWBNBLLO MUINBd YN SR G KA A Fef0IZXT 2ANW LYNBY/AA YA
alAaftta Ay GKSAN aSO2yR AYUSNBASg: adGleyd (K
NEO2NR AadadzsSa (2 AYLINROS FTNRY GKSY Ay GKS ¥

{FF¥FSGeé FTyR 322R LIN} 0a0S 6SNB YSys2ySR | a |y
O NASDbley R 2DSyYy fAY{1SR (2 UyAaKayd meKNﬂ (SKES IS N
LINE@A2dza ljdzSae2yx a2YS LINBOALIYyGEE &aSSY (2
G2 NBFSNI G2 3F22R LINI Oa0S 6A0GKAY GKS f y
D[ ¢&®S | OONBRA i ®fC® EOHy@RB\LS (23HS3y[ita 2F o0Said L
FT2NJ aédzRe RS@St2LIVSyids ljddtade | aadaNI yoS |y
F2dzy R Ay NBf I o 20 (K2 N3 LIKO AyU & yaeiNBR ASS/AIA NB Yy YSy (
la GSaey3d tFLo02NIG2NASa Oy o6S I OONBRAGSR dzy
GKALONR GARSE | &adGFyRFENR 2F LN} Oa0S Ay Of dzRAY 3
FNBOALI yi oyum &dz33SEaGSR Ay GKSANI UNRG Ay
al ¥FSGeé +FYR LIINBLINAFGS LN Oa0S ¢2ddf R AYyONB!
StSYSyi 2F LINBFSaarzylf SadsSSyo

{iNB&aa 2N FyEAS
¢ KNBES LI NbOALI yi YSye2y SR &iNBEENBANA I YVER
FyYEASGE INB Go2 aSLI NI GS6!LIKS yiizandyah kS & G NB &
LJae OK2ft 23A01t NBaLkRryasS (G2 AyaSNyLrt 2N SEGSN
61 t! dwAamylly SY2o2y OKFNIOGSNAT SR o0& | LILINBKS

o’

Q)¢
S ¢p}
(et

173



G§Syarzy Ay 6KAOK Iy AYRAGARIZ f | yoaOALI GSa&a A
FANIKSNI SELIX FAYAY3I GKFEG | yEASGE A& RA&aay Ol
O2ybl GSR®

tF NBOALI yi mMymMH YSyas2ySR A0GNFXiS3IASa G2 NBRd:
UNBG AYGSNIBASE RSGFAf SR NBRdzOAYy3a &aiiNBaa oe
LIN} Oa OFf 2dzi02YSd ¢KS aSO2yR AY(iSNBASG T2 0d
YIylF3aSYSyid NB&adzZ seyd Ay NBRdAdzOSR adiNBaao

t P NBOALIl yi wynm RSOfIINBR GKIFIG GKS& UyR GKS
SYGANRYYSYylid ¢KS@ RAR RSOfINS (KIG GKSe KI @
Y1548 GKSY TS8St (KS IyEASGe (KSé& dzadzZtte T8
ASYIFY I ASYSYld GAGKAY GKS f1F 02Nl G2NBES FAYAYy3I |

YR a4SS1 KStLI 6KSYy NBIdzA NBRO®

tF NBOALI YO oymdp dzaSa LIKN}YasSa GKIG O2dA R AYyR
GKS (G4SIFIOKAYy3 fI02NXG2NE 6KSYy NBFSNNAy3a (2 S
AYRAOIFIGSa I RSAINBS 2F KdzyY2dz2NE FyR GKS 0O2YYS
SEIF33S8SNla2ys GKS addzRSyid Of SINX¥ & AyRAOIF(GSa

fro2NG2NE SY@ANRYYSYyd Ay SIENIASNI eSINEX ¢

O2YT¥2NIIFotS Ay fFGSNI&@SFNBR 2F addzRReo

LY 42 2yod Ay wmaid &SFN)YFIH&o0S &2dz ¢ SNE
ty LINEge YdzOK GKS g2NR Aad 2dzal

t €2NJ 6KS UNARG @SINJFYR a2YS 2F wyR &St N
R2y4id 1y26d L RARYUG KI @S || oNRBIFIR Syz2da
0S80l dzaS L ¢l a ySeg (2 AGE

Figure78: Excerpts from interview with participant 3_19, indicating discomfort in the teaching laboratory
environment in early years of study.
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Figure79: Excerpts from interview with participant 2_02 on the topic of theoretical learning in the teaching
laboratory
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4.3.4 Student strategies for success in the teaching laboratory
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Figure80: Excerpt from interview with participant 2_02 on the topic of reading the laboratory script.

t F NbOALI Y HyYntA YRS OalAE SREMMRAVIKSIKS 62N
SYyGdSNAy3a GGKS (SIFOKAYy3I flFo02NYG2NB Fa | YSI &d;
NBIljdzZA NBR Ay (KS SELJSNJ\YS;/G LINK 2 NJ (2 SyGSNJ\y
LI NBOALI yi AyREYH & SRNE KEEHLIS®SS A (@R LJNJSLJI

fFr 02N G2NE o0& NBIRAY3I GKS 1 02NFG2NE ONJ\LJu

d A tY L GKAYy]l GKFGUa 3SySNrtfte SELISOI
LIS2LX S oAttt 2dzad y20d OFINB F2NI AGP C2NI S
KI g8 G2 OFtOdzZ 4GS GKS SEIFOG | Y&dzy{i22FF AN
GSNBE IAGSY FY2dzyda Ay YAtftAY2fSaod 2SS GK

Figure81: Excerpt from interview with participant 2_07 on the topic oflat®oratory preparation.
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Figure82: Excerpt from interview with participant 2_11 on the topic oflpi®oratory preparation.
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Figure83: Excerpt from interview with participant 1_12 second interview on the topic of preparation before
the teaching laboratory.
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Figure84: Excerpt from first interview with participant 1_12, on the topic of following the experimental
procedure.
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Figure85: Excerpt from interview with participant 3_19 on the topic of observing others within the teaching
laboratory.
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Figure86: Excerpt from first interview with participant 4_01 on the topic of credit bearing ocrexutit
bearing assignments.
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Figure87: Excerpt from interview with participant 3_19 on the topic of peer motivation and comparison
within the teaching laboratory.
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Figure88: Excerpt from interview with participant 2_07 on the topic of motivation within the laboratory, and
peer benchmarking.
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Figure89: Excerpt from interview with participant 2_01 on the topic of peer comparison.
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Figure90: Excerpt from first interview with participant 3_21 on anxiety as a motivating factor within the
teaching laboratory.

5A40dzaaArzy

{0 dzZRS WD VA W LA2Y(G & (G dzZRSy (i 2 (L8N | FOKESERIY fiGRA dzy |

St I txd WHKnQINBOF2NB AG A& NBFazylofS (2 Ll2ard
flro2M0Ki@ NBOsaPAaSa YR Y2ao@loaz2zya 2F aiddzRSyida
AYGSNIBASGaEaS SAGK LI NBOALIYyGA 6K2 KI @S Yze(ZI
GKSe F2ft29 AyaldNHzezya Ofz2aSted Ly O2y iGN a

NBE & SRNBOBESY YIyySN Ay RAOKS &Y 2 NEENBSEALI 62ANI KT 2(INKBS
F LILINRF OKS& (2 fSBHNINPEA baaRSHAPDNAHBoOS

a4 Ad LINBRAOGSRAzga (i 2 KSEHKSBHPNILIG &DNBA LI yia SEK
RSANBS 2F F20dzaA 2y LN} OaOlf 2dzi02YSaz 6AGK
G2 FaasSaaySyid O0XDKANSHNFVEDZREHI RIEES FFR AgF2NB

OMPHKEONE adGdzRSyida INB olflyOAy3a GKS aYS 2NJ
IJFrAYSRI 6AUK FSo assﬂsmaumxdmaxezwa jGdESS acR y 7
ONRoaOlt I Oa2yad gAGKAY GKS fF02NFi2NEO®
¢ KBdzii OF DA SRR | OK 2F addzRSyda G2 Ly O
hNASY (A K20 S0z [HydR OAnan nRPPVa ONA O SR a GKS LI N
F LILINBF OKAYy3 | dlaie D2Ffta FNB aSLI N¥ 4GSR

321 fao

al A0SNENB2GKS 3JI2+f G2 RSOSt2LAy3I | alAtft
KFaS Al SyRaW#azREya aidDKAy3I (2 RSOSt 2L i
YFEYyALdz o@S aiAftta G2 SOARSYOS (GKSY T2NJ
t SNF2NXIIYNS BRY¥fTEHER (2 OFfARlFla2y 2F LISNF?2
GKAOK fAyl1a Y2NB Ofz2asSte (2 (G4KS LISSNI Y2c¢
O2YLI NRAy3 2ySQa 26y LINY OaOlt 2dzid2YSa 2
aGdzRSyiGao
LG 62dd R Ffaz2 o6S LRRaaroftsS G2 FNIXYS az2vs 27
Y20 @l a2 y@RE W OikIAyda® o KOK20NE| S oKEMBHhmal dzRSyY
YSF&d2NBE GKSANI 2dz2i02YySa |3aFAyad GKSANI | yoaOA
hdKSNJ Y2a @l ey3d FIOG2NE 6SNB ARSysaUSR o0& aiad:
t NARS Aa ¢Sttt R20dzYSYa3R{IAE YIa Y¥288Y ahByI20a Fln
dzyédleJNJ\éAya G2 UyR GKA& AY +Yy SY@ANRYYSyi
aaSaaSRIF2XKBE 3G NBESNI Gl a2y ARSYyaUSR o0& LI Nb
t7\;/1Slfzctlﬁa“[é&ﬁ&dz&dzémAéz’fawmméKHmmﬁu StASTa N

186



da0dzRSy G Qa LISNOSLIe2y 2F (G(KS dzaSTdZ ySaa 2F (K
dGdzRSyGa LXFOS Gl ftdzS 2y GKS 102N G2NE | Oa @
G261 NRa | LBNDSAQSR RSAANBR{ AKRUAKSI SGKE G ®A
OHnaded3ISad GKI FYEASGe 6AGKAY FaasSaavySyd A

Y2a@lea2y: (UKS Ozvvéyﬁé INBIEIE 16 I3t B yRERENSyié |
St SYSyid ¢A (KA a FEKBMENI SRSAUGKA oAZay ThI-3 353SiadaRSSRY (I ChaA f aA
G2 O02YLX SGS | Graloe 'yEASGE A& (yz2ey (G2 yS3
RAzZNAY 3 O23yAes @fad fRY/YI &Y REly I fidt>a (han mn 0

4.36 Recognition of achievement of aims or success
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Figure91l: Excerpt from interview with participant 2_02 on the topic of a successful teaching laboratory
session.
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Figure92: Excerpt from interview with participant 2_01 on the topic of a successful teaching laboratory
session.
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Figure93: Excerpt from first interview with participant 1_12 on the topic of a successful teaching laboratory
session.
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Figure94: Excerpt from interview with participant 2_11 on the topic of a successful laboratory session.
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4.3.7 Staff aims for students in the teaching laboratory
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Figure95: Excerpt from interview with participant 2_02, on the topic of staff aims within the teaching

laboratory.
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Figure96: Excerpt from second interview with participant 4_02, on the topic of staff aims of practical or
manipulative skills.
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Figure97: Excerpt from second interview with participant 4_01, on the topic of staff aims within the teaching
laboratory of practical operation and independence.
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Figure98: Excerpt from interview with participant 3_19 on the topic of supervisor aims in project laboratory
sessions.
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Figure99: Excerpt from interview with participant 2_11 on the topic of staff aims of student independence in
the teaching laboratory.

[ SENYyAYy3I OKSYAAGNR (KS2NE

It LmNboxLuyué YSye2ySR fSINYyAy3I OKSYAaildNE
GKFG adt YSYOSNE KSfR FT2NJ GKSANI aGdzRSydGao
éﬂdzﬁéydéz FLILJX @Ay 3 GKS2NRBX Ay RS NBESI (257 N
GKS O02dNESS yR OKSO1Ay3a (KS dzyRSNARGI yRAY3
C2dzN) a(idzRSyia ARSyaUSR GKFG adGlrd YSYOSNE A
GKS NBad 2F GKSANI O2dzNBES S6AGKAY GKS GSIFOKAY
SYLKI &aA &0

tF NBOALI YiG oyHm AYRAOIGSR Ay GKSANI UNERG Ay
G2 tSIENYy FTNRY (GKS fF02NY(i2NRBX (GKAA &1 & LINRO
AYRAOFGSR GKFG GKS 02y OSLJidzZ & t S2ZNBBAKA G(KIQ
fAY1SR (2 (KS (KS2NEB fSINYSR St aSsgKSNB Ay i
GSFOKAY3I t1 02N {i2NE aSaairz2ya INB +y SRdzOl o2
f SENYyAYy3I®

197



LY hYX @2dz YSyoa2ySR OSNE OSNE oOoNASbeE I
GKSe gLyl @&2dz G2 tSI y
tY LUR &al& Al ¢62df# R RSLISYR 2y [’1 S t1I |
LY 21
tY odzi L 0StAS@PS AldUa dzadz ffte& G6KIG (KS
LY 21
tY YR &2 L ¥FSSt tA1S Al 2adzaid 3

Figurel00: Excerpt from first interview with participant 3_21 on the topic of staff aims of application of

theory.
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understanding in a similar manner to participant 1_21, indicating that staff members

guestion their understanding during the-iaboratory assessment processes.
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4.3.8 The technologgnhanced teaching laboratory environment.
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G§SOKy2f23e8 Ay OGKSANI £ SFNYyAyaId |1 26SOSNE az2yvYS$s
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Ay ot S
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O2YLI NRaz2y (2 20KSNJ SYGANRYYSyilias oNRIRfe& f
Table48: A summary of the prior teaching laboratory environment experiences of participants.
Participant | Superlab Rosalind Franklin| Erasmus Darwin | Other labs
number Large group, (Analytical) Paperbased
technology Paper permitted, | laboratory, no
enhanced tablets available | tablets.

112 Yes Yes No No
2 02 Yes aéAlK2dz

ulof Staceg
2 07 Yes Yes No Radiochemistry

in Erasmus

Darwin
2 11 Yes G oAl K2 dzi

tabletst
319 Yes Yes No No
4 01 Yes Yes Yes Yes (specific

microscopy

experiment)
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O2y il AYyYSyil LINRPOSRdAZNB& NBIldANARY3I aiddzRSyda i
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Figurel01: Excerpt from first interview with participant 1_12 on the topic of the Superlab environment.
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Figurel02 Excerpt from first interview with participant 1_12, on the topic of operation in technology and not
technology enhanced teaching laboratories.
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Figurel03 Excerpt from interview with participant 2_02 on the topic of the tablets within the Superlab.
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Figurel04: Excerpt from interview with participant 2_07 on the topic of frequency of tablet use outside of
the Superlab.
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FigurelO5: Excerpt from interview with participant 2_07 on the topic of inputting data into the tablet devices
in the Superlab.
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Figurel06: Excerpt from interview with participant 2_07 on the speed of accessing information within the
Superlab.
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FigurelQ7: Excerpt from interview with participant 2_11 on the topic of preparing for the technology
enhanced and papédrased teaching laboratory.
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Figurel08: Excerpt from interview with participant 3_19, displaying strong negative attitudes relating to the
tablets in the Superlab.
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Figurel09: Excerpt from interview with participant 3_19 on the topic of technology within the Superlab
environment.
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Figurell0: Excerpt from first interview with participant 4_01 on the topic of preparing documents before
entering the Superlab.
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Figurelll Excerpt from second interview with participant 1_12, on activities to achieve aims within the
teaching laboratory.
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4.4 Online student interviews
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Figurell2 Interview themes for online interviews with student participants, new questions are highlighted i
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Demographics of respondemtStudent interviews phase 2 (online)
Table49 Demographics of participants for phase 2 of student interviews (2021)
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Figurell3 Excerpt from interview with participant 3_3 on the topic of the purpose of the teaching
laboratory.
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Figurell4: Excerpt from interview with participant 3_7 on the topic of learning theoretical chemistry within
the lab.
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Figurell5: Excerpt from interview with participant 4_4 on the topic of preparedness and the teaching
laboratory.
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4.4.3 Student aims in the teaching laboratory
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4.4.4 Student strategies for success in the teaching laboratory
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P: But it's really nice to be able to want to go in and find that little awkward question
answer that you might ask the staff and they might be able to help you with it, or tel
you a story or an example about it. It's quite an enjoyable experiencedelflike you

can come out of a lab feeling that it's a success.

Figurell6. Excerpt from interview with participant 3_1 on the topic of a successful teaching laboratory
session.
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4.4.7 Staff aims for students in the teaching laboratory
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Table50: Examples of technology cited by students (2021)

ID | Computer/ | Smart | Computer | Other
Laptop Phone | Accessories
31|X Keyboard Stock monitoring in shops, Equipme
Headphones in laboratory

22| X X Internet

33| X Instrumentation in laboratory, Referg
to tablets in Superlab, Games conso

4 41X X

15X iPads, Software linked to laboratory
instrumentation, Websites

36|X X Tablets in the Superlab

37 Calculator, Paper and Pen
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4.49 Technology use in learning
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Table51: Technologies used in learning by student participants (2021)

ID Computer/ | Tablet | Smart | Computer | Other
Laptop Phone | Accessories

31 X Stylus

2 2 X X eBooks

33 X Microphone | Recording (Camera)

4 4 X

15 X X Online workspace (NOW)
Software (MS Office)
Internet

36 X

37 X Pen and paper
Books
Projector screens
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az23Se SGPI t PI HAMHO

4.4.10 Technology use in teaching laboratories
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Table52: Technologies used in the teaching laboratory by student participants (2021)

ID Surface Instrumentation | Software Other technologies
Pro
Tablets
31 | X X Cloud storage
e-mail
22 | X X Fume hoods
33 | X X OneDrive
4 4 | X X Computers connected to
instrumentation
15 |X X
3 6 Question not asked
37 | X X Glassware

TV display screens (less used

5FdF NBO2NRAY3I | yR NBOIff
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4.411 The technologenhanced teaching laboratory environment.

{GdzRSyia ¢6SNB Fa|iSR (2 O2y&aARSNJI KS RAUGSNBY
SELISNASYOSR (KNRdzAK2dzi GKSANI O2dzNBS |G b¢!
82dz GKAY]l GSOKy2ft238 Ay GKS fl0o KIFa 2y @&2dzN
Gf lgd& NBLX I OSR 6A0K AG{dzLISNI I 06é¢ Ay GKAA |jdzSz

Participant 3_6 was asked the questions in a slightly different manner as the interviewer
asked three questions:
1 Considering your time in labs at NTU, what types of technology have you used in
your learning there?
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1 How do you think the presence or use of this technology effects your learning in
the lab?

1 Considering the Superlab and another labs, what impact do you think using
technology in the lab has on your learning? So can you compare and contrast the
two different environments?

Participant 3_6 listed several technologies in available the Superlab in response to the
first question, identifying the tablets, earpiece and microphone system, overhead TV
display screens and hotplates as technology within the labs. Answers to the lten ot
guestions are combined with the remaining themes in this section, as both questions
relate to the impact of technology.
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4.5 Outcomes of interviewsdiscussion

4.5.1 Comparison of staff and student responses
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Table53: Comparison of the purpose of the laboratory across all interviews

t dzN1}2asS 27 550St 2 - Crxzany CHYAEAEFEN tNYOaO = . d
tFo2NF G2 dzy RS NE [Fo2NFG2 eNFyaFSNH "¢ 5oNy d 2diozys| ' FYRE 2V
QI)
3
N {ara
3 LJdzNLJ2
]
| t SNDS
aidRS
L2 I
o | { G dzR By
3 LIS NA 2
-
o
e
N
©
=
{ GdzRB
2yt A

253



Table54:Comparison of aims between different interview participants.
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4.5.2 Themes arising from student and staff interviews
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Table55: Summary of participant references to completing the experiment, obtaining a practical outcome, or
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product quality from the iperson student interviews.

In-Person Student Interviews
Participant | Location of comments Summary

2 01 4.3.3¢ Practical Concern regardingrfishing the experiment
outcomesandTime
efficiency

321 4.3.3¢ Practical Practical outcomes are the aim of the sessi

112 outcomes

3.19,1 12, | 4.3.3¢Practical High quality products or practical outcomes

2 07,2 11 outcomes

4 01,2 02, | 4.3.3¢Practical Grades in assessment linked to the quality ¢

3.19,1 12 outcomes linked to practical outcomes.
assessments

2 07 4.3.4¢ Best Using equipmeneffectively to obtain high
operational practice | quality results

2 02 and 2_11 4.3.4¢ Purification Purification toimprove product quality
and critique

4 02 4.3.4¢ Purification Critique of product quality.
and critique

112 4.3.5¢ Practical Desire forgood results related to quality
outcomesmotivated | product and grades.

4 01 4.3.5¢ Practical Quality of product is linked to grades, and
outcomesmotivated | higher grades are desired.

2 11 4.3.5¢ Practical Peer comparison of product quality.
outcomesmotivated

4 01,2 07 4.3.7¢ Practical Comparing practical outcomes to literature (¢

3 21,2 02 outcomes provided resources

112 4.3.7¢ Practical Unexpected results viewed as undesirable
outcomes Success tied to correct outcome.

2 11 4.3.7¢ Practical Confirmatory testing to ensure correct
outcomes product has been obtained.

1122 07 4.3.7¢ Peer Peer comparison of product quality

319,321 comparison

2.11,2 02 4.3.7¢ Peer References to errors and incorrect outcome
comparison

112,401 4.3.7¢ Staff feedback | Staff confirm the correct practical outcome.
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Table56: Summary of participant references to completing the experiment, obtaining a practical outcome, or
product quality from the online student interviews.

Online Student Interviews
Participant | Location of comments Summary
31,3 3,3 7,| 4.4.3¢ Practical Comments relating to finish the laboratory,
4 4 3 6,1 5,| outcome focussed obtaining the practical outcome (data or
product)
3 1.4 4,3 3| 4.4.5¢ Gmpletion High quality, precise or complete results
and quality
3337 4.4.5¢ Grade or Appropriate practical outcome is tied to
assessment assessment.
3 6 4.4.6¢ Achievement | Meet staff set objectives, produce the
of aims product.
3337 4.4.6¢ Achievement | Completing the experiment
of aims
31,3 7,4 4| 4.4.6¢ Correctness References to nothing going wrong or havin
done the right thing.
33 4.4.6¢ Correctness Quality of productinked to correctness.
33,44 4.4.6¢ Verification of | Verification of the right product and
product correctness.
4 4 4.4.6¢ Staff feedback | Praise for high quality product.
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Table57: Summary of staff participant references to developing levels of operation and student ability within

the teaching laboratory setting.

Participant Summary
Staff¢ S6 Participant S6 indicated the purpose of the teaching laboratory develg
over time, with more scaffolding in earlier years and more independet
in later years. This participant indicated that at lower levels of study th
purpose of the teaching laboratohas more emphasis on safety, with
different styles of learning at higher levels with more choice.

S6 identified that their aims of the teaching laboratory for first year
students is to learn a range of basic techniques, and at higher levels {
will be learning more specialist techniques and improve their executig
basic skills. This participardge an example of a calculation in this, so
GalAttag O2dz R -Blyfed akid ghthierithar jisb 2 NI
practical/manipulative skills. S6 indicated safety was a key aim of the
teaching laboratory in the early years of study, and that their way of
teaching is more strict on safety elements for first year students.

S6 indicated that they aim for first year students to develop appropria
behaviours within the teaching laboratory session, and that these
appropriate behaviours are built with levels of complexity in higher ye
The appropriate behaviours learnt eadifows the participant to
undertake a less scaffolded teaching approach in higher years with a
greater degree of student choice for techniques to pursue in experimg
Staff¢ S7 S7 indicated that the purpose of the teaching laboratory is for student
do develop skills commensurate with their level of study, particularly t
if some skills were not learnt by a certain level, that this would be
unusual. This participant did indi@athat producing a definitive list of
required skills would be challenging.

Staff¢ S2 S6 indicated that they have different aims for students at different lev
emphasising practical skills and accurate precise working with first ye
students as well as data recording skills. At higher levels, this staff
member requires a greater degreé analysis from the students, as well
as different processing levels. This participant specifically referenced

KAIKSNI £ S@St &aiddzRSyida ¢g2dAZ R Syl
taxonomy.

Staff¢ S5 S5 indicated that an aim of the teaching laboratory is to obtain the
correct practical outcome, however the emphasis on the outcome is
lessened in later years of study, as experiments may be undertaken i
less optimal manner. The participant indicatea@tlearly sessions were
intended to foster confidence.

Staff¢ S4 S4 reflected on what a successful teaching laboratory course would I¢
like, and that at the end of a set of teaching laboratory sessions, a st
should have developed the ability to evaluate their own data.

This participant qualified that a laboratory course would extend over &
longer period of time, not just one session.
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Table58: Summary of student participant references to developing levels of operation and student ability within
the teaching laboratory setting.

Participant | Summary
Student Participants In Person
2 11 2 11 indicated that the purpose of the first year of their degree was

mostly to develop standalone skills, while in their second year, they h
built these techniques into experiments.
3 19 3_19 indicated that they noticed a difference in the purpose and staff
aims between taught module teaching laboratory sessions and the
teaching laboratory sessions related to their projects. The taught mog
laboratory sessions were deemed to be more &idéd and designed to
teach appropriate behaviour and facilitate comfort in the teaching
laboratory environment, while project laboratory sessions were descr
as problem solving. These aims of the teaching laboratory were reiter
by this participanivhen considering the aims that staff members may
have for them.
This participant indicated that from working in the teaching laboratory
environment, they have learned independence over the course of the
studies which has helped them in making their own decisions during
experiments.
4 01 4 01 indicated that theory was more ingrained in the purpose of the
teaching laboratory at higher levels, with content being more consiste
or clearly linked to their lecture materials. This participant stated that
higher levels required more independderarning and that they had bee
required to design more experiments than in previous years of their
study.
This participant also indicated that they have learnt to be more
independent throughout their studies, as initially they worked with a
laboratory partner, and in later years of study they work in the teachin
laboratory on their own work.

Student Participants Online
31 3_1 cited that the a purpose of the teaching laboratory is to develop
confidence and skills, and noted that they had developed many skills
through their analytical chemistry teaching laboratory studies.
33 3_3 provided an example when asked what they learn in the teaching
laboratory. The example showed where they had initially learnt indivig
techniques, and by the end of the course these techniques built into &
experiment.
37 3_7 indicated that staff aims likely change over the years. This patrtici
indicated that staff aim for students in higher years to be independent
and that there is a fine balance between being supported and having
freedom to learn.
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Bloom's Taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
evalu ate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classity, describe, discuss, explain, identify, locate, recognize,
report, select, translate

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state

Figurell7: Bloom's Taxonomy reproduced under creative commons li¢¢asdy CFT, Creative Commons
image)
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Create Plan out original investigations

Design experimental activities to test hypotheses.

Design purification, isolation and characterisatraathods.

Design and develop sample preparation methods.

Evaluate Predict the outcome of syntheses.

Report the significance of experiments.

Explain the limitations of classical and instrumental analytical techniqu
Assess outcomes of experiments

Apply methods of waste reduction in practical activities.

Undertake creative problerolving in relation to experiments that have
not generated the expected results.

Undertake knowledgdased risk assessments.

Behave in a safe and accurate manner intéeching laboratory
environmentand enacting safe working practices
Undertake practical techniques with a degree of competency.

Explainpurification, isolation and characterisation methods.
REINCINlEIM Develop the necessary practical skills for a career in science.

Use appropriate waste disposal techniques.

Deploypurification, isolation and characterisation methods.

Carry out sample preparation methods.

Undertake practical analyses and measurement, communicating outcq

using appropriate terminology or notation.
Figurell8 Proposed taxonomic levels of operation within the teaching laboratory environment, adapted from
Bloom's Taxonomy and benchmark documentation.
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5. Contributions to knowledge and further work

5.1 Contribution to knowledge

5.11 Development of methodology and tools
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5.1.2Technology Enhanced Teaching Laboratory
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Appendix 1: Digitajualificationdata from Digital History

Survey
Combined

Digital Qualifications

n

GCSE ITGrade C or above

IT Key Skills Level-2ass grade

IT Key Skills Level-3Pass grade

IT ALevel- Grade C or above

European Computer Driving License (ECIR3ss grade
No relevant IT qualification

Other relevant qualification

Digital Qualifications

n

GCSE ITGrade C or above

IT Key Skills Level-2ass grade

IT Key Skills Level-3Pass grade

IT ALevel- Grade C or above

European Computer Driving License (ECIR3ss grade
No relevant IT qualification

Other relevant qualification

Digital Qualifications

n

GCSE ITGrade C or above

IT Key Skills Level-Pass grade

IT Key Skills Level-3Pass grade

IT ALevel- Grade C or above

European Computer Driving License (ECIR3ss grade
No relevant IT qualification

Other relevant qualification

Digital Qualifications

n

GCSE ITGrade C or above

IT Key Skills Level-2ass grade

IT Key Skills Level-3Pass grade

IT ALevel- Grade C or above

European Computer Driving License (ECIRgss grade
No relevant IT qualification

Other relevant qualification
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2014/15
new

155
90
22
13

6
4
31
13

2015/16
new

77

39

7

2

0

3

18

11

2016/17
new

68
31
7
6
1
2
22
8

2017/18
new

54
25
7
2
1
2
17
5

2014/15
returning
88
50
14
4
4
2
15
15

2015/16
graduating

O Fr OO Fr Wu

2016/17
graduating

P OOFr F, OO

2017/18
graduating
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Appendix2: Familiar operating systems of students from Digital
History Survey

Familiar Operating System 20::\/{/15 rze(t)uléﬁlsg

n 155 88

| Microsoft 128 69
Apple 12 7

8 Linux 1 0

| don't know 14 12

‘ ‘ Microsoft 22 11
Apple 74 39

% _Android 33 21
E | have never used this device 7 3

| don't know 17 13

Other 1 1

l ‘ Microsoft 12 2
Apple 88 45

£ Android 38 36
T | have never used this device 3 0

I don't know 12 4

Other 2 1
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Familiar Operating System 20n1e5v</16 g?gdlusgigg

n 77 8
Microsoft 63 7
Apple 13 1

8 Linux 0
| don't know 0
Empty or void response 0
Microsoft 16 2
Apple 41 3

2 Android 14 2
2 | I have never used this device 3 1
. | don't know 2 0
Other 0 0
Empty or void response 1 0
Microsoft 4 0
Apple 39 4

o Android 32 4
§ | have never used this device 0 0
| don't know 0 0
Other 0 0
Empty or void response 2 0
Familiar Operating System 20nl§l<ll7 gffdl:a/iizg

n 68 8
Microsoft 54 8
Apple 12 0

8 Linux 0
| don't know 0
Empty or void response 0
Microsoft 11 4
Apple 37 1

2 Android 14 1
-2 | I have never used this device 2 0
. | don't know 4 1
Other 0 0
Empty or void response 0 1
Microsoft 0 0
Apple 43 1

% Android 25 4
& | I have never used this device 0 3
| don't know 0 1
Other 0 0
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Familiar Operating System 20nle7V</18 gfa(l);tjz{l%iig

n 54 7
Microsoft 45 6
Apple 9 1

8 Linux 0 0
| don't know 0 0
Empty or void response 0 0
Microsoft 8 0
Apple 24 5

% Android 18 2
E | have never used this device 1 0
| don't know 3 0
Other 0 0
Empty or void response 0 0
Microsoft 0 0
Apple 28 3

% Android 26 4
& | I have never used this device 0 0
| don't know 0 0
Other 0 0
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Appendix 3: Number of itenud technology used bstudents.
51 a1 aRNBNOSHRAIAGEE 1T A&a02NE { dINDSe o

Combined
Ownership of technology and 2014/15 2014/15
internet access new returning
n 155 88
Smart phone 149 86
Other mobile phone (not smart
phone) 8 4
iPod or mp3 player 123 61
Tablet 81 44
Laptop or Netbook 143 78
Digital Camera 91 55
Video Camera 43 24
Webcam 89 46
Digital Audio Recorder 48 19
Assistive Technology 11 2
Access to internet at residence 153 85
Access to internet at work 13 8
Access to internet at university 143 84
No internet access location specified 1
2014/15  2014/15
No of items of technology used new returning
n 155 88
0 0 1
1 1 1
2 8 9
3 20 12
4 21 24
5 29 23
6 24 21
7 18 15
8 12 6
9 0 1
10 0 0
Combined
Ownership of technology and 2015/16  2015/16
internet access new graduating
n 77 8
Smart phone 76 8
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Other mobile phone (not smart

phone) 4 0
iPod or mp3 player 49 6
Tablet 40 4
Laptop or Netbook 71 8
Digital Camera 35 4
Video Camera 10 2
Webcam 24 2
Digital Audio Recorder 9 1
Assistive Technology 0 0
Access to internet at residence 73 8
Access to internet at work 9 0
Access to internet at university 72 8
No internet access location specifie 1 0

2015/16  2015/16

No of items of technology used new graduating
n 77 8
0 1 0
1 3 0
2 14 1
3 13 1
4 14 2
5 14 2
6 9 2
7 5 0
8 3 0
9 1 0
10 0 0
Combined
Ownership of technology and 2016/17 2016/17
internet access new graduating
n 68 8
Smart phone 67 8
Other mobile phone (not smart
phone) 6 0
iPod or mp3 player 41 5
Tablet 36 4
Laptop or Netbook 57 8
Digital Camera 34 4
Video Camera 17 5
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Webcam 23 4
Digital Audio Recorder 16 4
Assistive Technology 4 0
Access to internet at residence 67 8
Access to internet at work 8 1
Access to internet at university 70 8
No internet access location specifie 0 0

2016/17  2016/17

No of items of technology used new graduating
n 68 8
0 0 0
1 3 0
2 11 2
3 12 3
4 14 0
5 11 0
6 6 1
7 7 3
8 4 1
9 2 0
10 0 0
Combined
Ownership of technology and 2017/18 2017/18
internet access new graduating
n 54 7
Smart phone 53 7
Other mobile phone (not smart
phone) 2 0
iPod or mp3 player 30 5
Tablet 20 1
Laptop or Netbook 45 5
Digital Camera 19 4
Video Camera 11 2
Webcam 20 4
Digital Audio Recorder 10 2
Assistive Technology 3 1
Access to internet at residence 51 7
Access to internet at work 38 0
Access to internet at university 18 7
No internet access location specifie 34 0
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2017/18  2017/18
No of items of technology used new graduating

54
1
4
9

12

10

© oo ~NOOLh~WNPEOS
OFr b wWww-N
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[EEN
o
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Appendix: Final version of Digital History Survey

Digital History Survey 2015

Participant Information

Project description, researchers and procedure

This survey is part of research in the School of Science and Technology to assess the impact of technology
on student learning and staff practice in undergraduate laboratories. This research is being carried out by
Jennifer Evans and Sarah Rayment and is being led by Karen Moss.

All undergraduate students in the School of Science and Technology are invited to participate in this
research. Participation involves completing this survey which will take approximately 20 minutes to
complete. Further surveys and opportunities for focus groups or interviews will occur throughout the duration
of your course.

Anonymity and confidentiality

All information collected as part of this survey will be anonymous i.e. that responses will not be linked be to
individual participants. You will be identified by a participant identification number which will be emailed
to you with each survey or interview invitation. Information collected from this survey may be published as
part of the project, but participants will not be identifiable. Information from this survey may also be used to
improve the future student experience.

Consent, participation and withdrawal

Clicking the ‘Next' button at the bottom of this page will indicate your consent to participate in this study.
Please complete the whole survey if possible.

Participation in this study is voluntary and you have the right to stop the survey at any time. You can
withdraw your data from this study after you have submitted your answers for up to two weeks after
completing this survey.

In order to withdraw your data after submission you need to enter two unique identifiers (for example your
pet's name). Please do not use your student number, name or email.

If you wish to withdraw your data you must email the researchers below with your unique identifiers.

Ethics
This study has been approved by the School non-invasive ethics committee.

Contact Details

If you have any questions or concerns regarding this research, please contact:
Sarah Rayment: sarah.rayment@ntu.ac.uk

Jennifer Evans: jennifer.evans@ntu.ac.uk

Karen Moss: karen.moss@ntu.ac.uk

* Statement of agreement:

O | have read and understood the statements above, and agree to participate in this project.

Page 1
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Digital History Survey 2015

Withdrawal information

You can withdraw your data from this study after you have submitted your answers for up to two weeks after

completing this survey.
Please make a note of what your unique identifiers are, if you don’t know your identifiers then your data

cannot be identified and therefore cannot be withdrawn.

*In order to be able to withdraw your answers from this study please provide two
unique identifiers. For example:

* A memorable surname

* A pet’s name

* Your favourite instrument

* A memorable city

* A street name

Please do not use an identifier that is easily traceable to you as a participant such as
your student number, name or contact details.

Unique identifier 1 I I

Unique identifier 2 | |
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Digital History Survey 2015

Information about you

¥ Please enter your participant identification number

* Please select your age group:

O 21 or under
O 22-25
Qs

Q sorover

O Prefer not to say.

* Please select your legal gender:

O Male
O Female

O Prefer not to say

¥ What is your first language?

* Please indicate your highest level of education prior to starting your university
course:

| I

* Do you consider yourself to have a disability?

A disability is defined by the Equality Act 2010 as a physical or mental impairment which
has a substantial and long-term adverse effect on your ability to carry out normal day to
day activities. Disabilities can be hidden and include long-term conditions which can be
controlled through medication, for example epilepsy, asthma, heart conditions,
diabetes.

O Yes
O
O Prefer not to say
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Digital History Survey 2015

Information about you

If you consider yourself to have a disability, please select all that apply to you.
D Autstic Spectrum Disorder or Asperger's syndrome
D Depression or other mental health difficulties
D Mobility related conditions
D Blind or partially sighted, or other sight related conditions.
D Deaf or hard of hearing, or other hearing related conditions.

D Dyslexia, dyspraxia or other specific learning difficulty.
D Other (please specify)

* Do you consider your condition to affect your experience in the lab, or your use of
technology?

O Yes O No O Prefer not to say
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Digital History Survey 2015

Information about you

*¥ Please select your course area:

O Biosciences
O Chemistry
O Computing
O Forensics
O Wathematics
o Physics

O Sport Science
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Digital History Survey 2015

Information about your course - Biosciences

¥ Please select your course:
(O Bsc Biomed sciences (PT)
O BSc Biomedical Science (FT/SW/PT)
O BSc Biological Science (PT/FT/SW)
O BSc Microbiology (FT/SW)
O BSc Biochemistry (FT/SW)
O BSc Applied Biomedical Science (FT)
O BSc Pharmacology (FT/SW)
O FdSc Healthcare Science (PT)
O BSc Biological Science (Bio & Micro) (FT/SW)
O BSc Ecol & Environ Management (PT)
O BSc Biological Science (Biomedical Science) (FT/SW)
O BSc Biological Science (Ecol & Env) (FT/SW)
O BSc Biological Science (Phys& Pharm) (FT/SW)
(O Bsc Biochem & Micro (PT)

O BSc Physiology & Pharm (PT)

o A ~

b2E6KAa LI IS g1 a NBLEAOIGSR FT2NJ SHOK 27
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Digital History Survey 2015

Information about you

*¥ Have you completed a placement as a part of your course?
O Yes O No

* Do you have any of the following IT qualifications?
(Please select all that apply.)

[ scse im- Grade ¢ or above

D IT Key Skills Level 2 - Pass grade

D IT Key Skills Level 3 - Pass grade

D IT A-Level - Grade C or above

D European Computer Driving License (ECDL) - Pass grade

D No relevant IT qualification

EI Other relevant qualification: e.g. Computer Science, BTEC qualifications, or other appropriate computing/IT qualifications (Please specify)

Page 13
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Digital History Survey 2015

About your access to & use of technology

* Before coming to university, | had access to a computer connected to the Internet...
(Please select all that apply.)

D Athome / student residence

[:I At work

D At university / college / learning centre
D Other location (please specify)

* This academic year at university, | have access to a computer connected to the

Internet...
(Please select all that apply.)

D Athome / student residence

D At work
D At university
D Other location (please specify)

In your day to day life, how often do you use the following technologies?

| have never used this

Every day Afewtimesaweek Lessthan oncea week Lessthan once a month
technology.

Desktop computer, laptop or O O O O O
netbook.

Tablet O O O O O
- O O O O O

For a desktop computer, laptop or netbook: which operating system are you most

familiar with?

O Apple
O Microsoft O Don't know

O Linux

O | have never used this device

Page 14
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Digital History Survey 2015

For a tablet: which operating system are you most familiar with?

O Apple O Blackberry

O Microsoft o | have never used this device

O Android O Don't know

O Other (please specify)
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Digital History Survey 2015

For a smart phone: which operating system are you most familiar with?

O Apple (i0S) O Android

O Microsoft (Windows) O | have never used this device

O Blackberry O Don't know

O Other (please specify)

I |
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Digital History Survey 2015

About your access to & use of technology

*| access the internet:

O Every day

O A few times a week
O Less than once a week

O Less than once a month.

| have customised my computer* to suit my personal preferences (please see below for
examples)

*For the purposes of these questions, "my computer” refers to a computer that you
access and use regularly, or your tablet / smart phone if it has these capabilities.

O Yes
O No

If yes, please indicate which of the following you have customised:
(Please select all that apply.)

D Tool bar(s) and menu items.

D Mouse buttons (Or extra keyboard buttons)
D Background colours

D Wallpapers and screensavers

D Icon sizes

D Print size on screen

D Language settings

D Other (please specify)

Page 17
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Digital History Survey 2015

About your access to & use of technology

| own the following technologies for my personal use:

(Please select all that apply.)

If you use your mobile phone for these functions, please select those functions too.
(e.g. if your phone plays music, select mp3 player)

D Smart phone
D Other mobile phone (not smart phone)
D iPod or mp3 player

D Tablet

D Laptop or netbook

D Digital camera

D Digital video camera
[ wevcam
D Digital audio recorder

D Assistive technology : hardware or software (screen readers etc.)

In my personal and social life, | do the following:
(Please select all that apply.)

D Use social networking sites (e.g. Facebook, Twitter, G+)

D Download podcasts

D Use instant messaging or chat (e.g. Facebook messenger, Skype typed messages)
D Use video calls (e.g. Facetime, Skype video chat)

EI Watch live TV or catch-up TV online (e.g. iPlayer, 40D)

D Watch on demand video (e.g. YouTube)

D Upload video or photo content to the internet (e.g. Instagram, Youtube)

D Participate in discussion groups or online chatrooms

D Use wikis or blogs.

D Maintain my own blog or website.

D Take part in an online community through online gaming

Page 18
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Digital History Survey 2015

About your access to & use of technology

*¥ Where do you intend to do most of your studying in the upcoming university year?

O Home / Student residence

O Workplace

O University library, or other study area.

O Other (please specify)

When you study, do you usually ensure you have easy access to the internet?

D Yes, | like to have my smart phone available with the internet available.

D Yes, | like to have a desktop computer, laptop or netbook with the intemet available.
D Yes, | like to have my tablet available with the internet available.

D No, | do not ensure | have the internet available when | study.

| am able to use my personal technologies (including assistive technologies) at
university.

O Yes
O No

O | do not bring my personal technologies with me to where | learn.

If no, please briefly describe any difficulties you have encountered.

Page 19
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Digital History Survey 2015

About your use of technology

* Before commencing your university course, how frequently did you:

Afewtimesa Lessthan Lessthan Afewtimesa
Every day Never
once aweek once a month year

Co-create resources or work with a peer online.

Create graphs using a spreadsheet
(e.g. Excel)

Download, save and open files.

Insert images, tables and graphs into word processed
files or presentations.
(e.g. MS Word, Powerpoint)

Interact with staff or students online
(e.g. email, discussion boards)

Produce professional diagrams using drawing packages
(e.g. ChemDraw or BioDraw)

Put i ion into a pi de form, downloaded from the
internet.
(A proforma / template)

Use a Virtual Learning Environment
(e.g. NOW, WebCT, Moodle)

Use cloud storage
(e.g. Dropbox.com, NOW MyFiles, iCloud, SkyDrive)

Ofd Ot Of) OL) OtJ
ORY O O OO OUH
O Ot ORL OU) OL)
O Ol Oty OL) OO
Ol Oty ORt) OO O
OFQ Oy OFC0) OO O

Use formulae to manipulate data a spreadsheet
(e.g. Excel)

Page 20
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Digital History Survey 2015

About your use of tablets

| can successfully complete the following tasks on a tablet.

Create a typed document.
Create a table in a typed
document or spreadsheet.

Enter data into atablein a
typed document or
spreadsheet.

Use fomulaein a
spreadsheet to manipulate
data.

Draw a graph

Insert a picture into a typed
document.

()} OLd Oty OLX
Ll OLF O OL)F

Draw diagrams and
sketches on a document.

Not sure

L O Omel) Of)
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Digital History Survey 2015

Technology and learning.

Do you think technology has a positive or negative effect on your learning?
Please explain your thoughts.

Page 22
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Appendid: Final version Mdified SLEANnd attitude tool

SLEI 2016-17

Participant Information

Project description, researchers and procedure

This survey is part of research in the School of Science and Technology to assess the impact of
technology on student learning and staff practice in undergraduate laboratories. This research is
being carried out by Jennifer Evans and Sarah Rayment and is being led by Karen Moss.

All undergraduate students in the Biosciences and Chemistry and Forensics departments are
invited to participate in this research. Participation involves completing this survey which will take
approximately 20 minutes to complete. Further surveys and opportunities for focus groups or
interviews will occur throughout the duration of your course.

Anonymity and confidentiality

All information collected as part of this survey will be anonymous i.e. that responses will not be
linked be to individual participants. You will be identified by a participant identification number
which will be emailed to you with each survey or interview invitation. Information collected from
this survey may be published as part of the project, but participants will not be identifiable.
Information from this survey may also be used to improve the future student experience.

Consent, participation and withdrawal

Clicking the ‘Next’ button at the bottom of this page will indicate your consent to participate in this
study.

Please complete the whole survey if possible.

Participation in this study is voluntary and you have the right to stop the survey at any time. You
can withdraw your data from this study after you have submitted your answers for up to two weeks
after completing this survey.

If you wish to withdraw your data you must email the researchers below with your participant
identification number.

Ethics
This study has been approved by the School non-invasive ethics committee.

Contact Details

If you have any questions or concerns regarding this research, please contact:
Jennifer Evans: jennifer.evans@ntu.ac.uk

Sarah Rayment: sarah.rayment@ntu.ac.uk

Karen Moss: karen.moss@ntu.ac.uk

* 1. Statement of agreement

| have read and understood the statements above, and agree to participate in this project.
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Information about you

* 2. Please enter your participant identification number. This can be copied and pasted from your survey
invitation

* 3. Please select your age group:
Under 21
2225
) 2635
Over 35

Prefer not to say

* 4, Please select your legal gender:
) Male
Female

Prefer not to say

* 5. Please select your current university course

* 6. Please select your current university year.

Year
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Attitude to technology

This questionnaire contains statements about how you feel about using the tablets available for
student use within the main Superlab, RFB 106.
For the purpose of these questions "tablets” refers exclusively to these tablets.

You will be asked how often you feel this way.

There are no "right” or "wrong" answers. Your opinion is what is wanted.
Think about how well each statement describes what this laboratory is like for you.

Be sure to give an answer forall questions.
If you change your mind about an answer, just select another box.

Some statements in this questionnaire are fairly similar to other statements. Don't worry about this.
Simply give your opinion about all statements.

7.1'm good with tablets

Almost never Seldom Sometimes Often Very Often

8. | like working with tablets

Almost never Seldom Sometimes Often Very Often

9. Working with tablets inspires me

Almost never Seldom Sometimes Often Very Often

10. | am comfortable trying new software on the tablets

Almost never Seldom Sometimes Often Very Often

11. Working with tablets is motivating

Almost never Seldom Sometimes Often Very Often
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12. | do as much work as | can using the tablets

Almost never Seldom Sometimes
O) 0 O
N/ A&

13. | feel comfortable using a tablet

Almost never Seldom Sometimes

@ ) e

Often

Very Often
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Participant guidance

This questionnaire contains statements about practices which could take place in themain
Superlab, RFB 106.

You will be asked how often each practice takes place.

The "actual” row is to be used to describe how often each practice actually takes place in this class.
The "preferred” row is to be used to describe how often you would like each practice to take place
(a wish list).

There are no "right" or "wrong" answers. Your opinion is what is wanted.
Be sure to give an answer forall questions.
If you change your mind about an answer, just select another box.

Some statements in this questionnaire are fairly similar to other statements. Don't worry about this.
Simply give your opinion about all statements.

Practice example.

Suppose that you were given the statement:

"Students choose their partners for laboratory experiments".

You would need to decide whether you thought that students actually choose their partners "almost

never”, "seldom", "sometimes", often or "very often".
You would also need to decide which of these you would prefer.
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About your experience of technology in the laboratory

This section of the questionnaire contains statements about the tablets available for student use
within the main Superlab, RFB 106.
For the purpose of these questions "tablets” refers exclusively to these tablets.

There are no "right" or "wrong" answers. Your opinion is what is wanted.
Be sure to give an answer forall questions.
If you change your mind about an answer, just select another box.

14. If | face difficulties in the the laboratory, | use the tablets to search for an answer

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

15. | use tablets in the laboratory to refer to my lecture notes to help me understand my experiment

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

16. Whilst in the laboratory | access further reading using the tablets to help my understanding

Almost never Seldom Sometimes Often Very Often
Actual

Preferred

17. 1 use the tablets to help me link my laboratory work to "real world science"

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

18. | use the tablets to access additional information on how to use equipment/procedures safely

Almost never Seldom Sometimes Often Very Often

Actual

Preferred
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About your laboratory experience

This section of the questionnaire contains statements about laboratory practices in the main
Superlab, RFB 106.

You will be asked how often each practice takes place.

There are no "right" or "wrong" answers. Your opinion is what is wanted.
Be sure to give an answer for all questions.

Some statements in this questionnaire are fairly similar to other statements. Don't worry about this.

Simply give your opinion about all statements.

* 19. Students in this laboratory class get along well as a group

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

* 20. There is an opportunity for students to pursue their own science interests in this class

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

* 21. The material covered in our regular lectures/seminars is unrelated to our laboratory work

Almost never Seldom Sometimes Often Very Often
Actual

Preferred

* 22. Our laboratory has clear rules to guide student activities

Almost never Seldom Sometimes Often Very Often

Actual

Preferred
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About your laboratory experience

23. In our laboratory sessions, we are asked to design our own experiment to explore a topic

Almost never Seldom Sometimes Often Very Often

Actual

Preferred

24. The laboratory work is unrelated to the topics that we are studying in our lectures/seminars

Almost never Seldom Sometimes Often Very Often
Actual :

Preferred
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About your laboratory experience

25. Students in this laboratory class help one another

Almost never Seldom Sometimes
Actual ® O O

I ~ N

Preferred

26. Within a laboratory session, students follow different procedures or use different samples to investigate

the same idea.

Almost never Seldom Sometimes

Actual ) O O

/

Preferred

27. Our regular lecture/seminar work is integrated with laboratory activities

Almost never Seldom Sometimes
Actual O O ®
Preferred O O O

28. Students are required to follow certain rules in the laboratory.

Almost never Seldom Sometimes

Actual

Preferred & O

Very Often

Very Often

Very Often
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