EXPLORING RESUMPTION AIDS FOR TASKS INVOLVING 3D MODELS ON
TABLETS

by

Rugaia Mohamed Almangush

Submitted in partial fulfilment of the requirements

for the degree of Master of Computer Science

at
Dalhousie University
Halifax, Nova Scotia
March2017

© Copyright by Rugaia Mohamed Almangush, 2017



| dedicate this thesis to:

My parentsMohamed Almangush andMona Suliman | for their love, endless support

and encouragement.

My husbandibrahim Aburwais and my childrerlMohamed, Fatma, and Nader. |
give my deepest expression of love and appreciation for the encouragement that you gave

and the sacrifices you made during this graduate program.



TABLE OF CONTENTS
LIST OFTABLES . ...t ] vii
LIST OF FIGURES ... ..o s viii
AB ST RACT .ttt et e e ettt ettt ettt ettt et mm———— e n e a b n e X
LIST OF ABBREVIATIONIJSED.........ccoiiiiiiiiiiiiiiieeeeme i mmmmm s XI.
ACKNOWLEDGEMENTS . ...t e Xii

CHAPTER 1 INTRODUCTION . ...cutiiiiiiiiiiiiiiimmmmme s a e s e e e e e e e 1.
11 Research ProbIem ... e 2
1.2 Research Objective and Research QUESHIONS...........ccuvvviiiiiiiiiieccmee e 3.
1.3 CONIIDULION ..o e e 4.
1.4 Structure of the TRESIS ..o e e 5

CHAPTER 2 LITERATURE REVIEW. ... ..o e
2.1 INteraction With 3D MOEIS  ....oeere et ettt e et et e e e e e e eenasd 6..

(a2}

2. 1.1 NAVIQAUON.....uuuiiiiiiiiiiiie e emmmmmmms et e e s emmmmmmms s smmmmmmmm e e 11 mmmenen
D O Y= [ ox 1o ] N 1= 1= PR TRTRPTY AUPTN

6
7
N G T \V = T o101 =110 o U PSRUUSPRRPPRY A
2.1.3. 1 Translation TASK..........ccuuueeeieescmmmmemmreeeeeeee s mmmmmmms s e e e e e e smmmmmmmms s e 222 e 10 snnss s smmoae s
2132 [0 7= 11T o T I T OO 4
2.1.3.3 SCAING TASK ..o s s s e s 5 s
2.2 3D INEraCiON ISSUBS ...ooiiiiiiiiiiie ettt emmmme ettt smmmmmt et e e e e s 8
2.3 Interruption and Factors That Make It More Disruptive  ....cccoeeeeviiiieeeiiiiioen 9
2.3.1 Interruption DUFALION ..........ccoiuiviiiiiimeeeece e e e e e e e s mmmmmmmme e e e e e e e e e e smmmmmmmns e e e L L
2.3.3 Task COMPIEXITY.......cccuuerriiiiiiimme et e e e e mmmmmmnme e e e e e e e e s L
2.3.4 Task Relevance or Similarity...........ccueeeeiiiieccccse s el
2.4 Methods of Interruption Management ............oooiiiiiiiimeecc e e 15
2.4.1 Immediate iNterruUPLiON .......cccuvvvviiiiiiie i e e e e eeeeeeens LD
2.4.2 Negotiated INterruption...........oooiiiiiieiiccceeeemee e e ee e emmmmmmms LD
2.4.3 Mediated iNTEITUPLION ....cccvviieiiiiiiiiceeeeeeemr et e e e e e e e e smmmmmmmms e e e e e e e e emmmmmmmms s 1O
2.4.4  Scheduled iNterruption..............eeeviiiisicceeccmeiiivviee e s emmmmmmme s emmmmnnne - 1O

2.5 Resumption (Recovery from Interruption)  .......cccoviiiiiiiiiiii e 17



2.5.1 RESUMPLION PrOCESS.....uuutiiuiueiiiesimmmmmmmmeeeeeeeeeeeeee s emeesmmess s s ae s e s smmmmmmmms e
2.5.2 Tools to Help in Interruption RECOVETY...........uviiiiiiiiiiimmmmmmmiiieeeee s
2.5.2.1 Replay Interruption Recovery APPrOacChES..............uuveeeescmmmmmemreeeseessesnsss emmmmmmmns
2.5.2.2  CONEXIUAL CUBS ... .ueiiiiiiiiee et emmmmnr oo ettt e e s+ 11t + 4 et £+ £ 4212221t
2523 RENEAISAL.......i ittt cmeee et sttt e+ emmmns 422424141t e s

17.

19

19
22..
22

CHAPTER 3 USER INTERFACES........co o 27

3.1 HOOPS 3D Part VIEWET ........cccuviiiiiiieiiiimmmree e
3.2 The NeW Prototypes .......cc.veviiiiiiiiiie s emmmmmee e e
T2 R AU To [ Lo I N [0] (=T o (0] (0] 1/ o1 SR
3.2.2 Video Replay Prototype.........ccuuuuiimiiiiicccme e e
3.2.3 Combined Audio VIide0o ProtOtype...........uuueiieiiiiimmmmmmmiineiieeeeessmmmmmmmm e

CHAPTER 4 USER STUDY ...t emmmmme e 3.

4.1 PILOT STUDY. ...ttt mmeeme s
4.2 STUDY DESIGN.....ciiiiiiiiiiiiiiiiitimmmmms s eeeeeeeaenenees
4.3 MATERIALS....ceeee e e
4.3. 1 Training TaASKS......uuuuiiiiiiiiiiii e immmmmm e emmmmmmms s e e
4.3.2  MaAIN TASKS. ..ottt immeeme ek mmmmmmmmt e e e e e e e e mmmmmmmmr e et e e e e e e e e ammn

4321 COMPAIETASK ....ccce e i e e s+ e e e e e e e e+ 2 2222222222+ e 2222222222222 2
4322 I = T = 1= 1

4.3.3  INEEIrrUPLION TASK ...t s et
4.3.4 Writing SUMMArES TaSK......coeiiiiiii i emmmmmmm e e e e e e e ammmmma

37
38

......................... 41
41...
42

43
43

A44..
44

4.4 STUDY PROGCESS..... .ottt ettt s e e 44

o R S (VT VA = (01070 [ (=T SR
4.4.1.1  Task Breakdown During FirSt SESSION...........cccooiiiiii e e

4.4.1.2  Task Breakdown During SECONA SESSION:.........ccevvveeresommmmmmmmr e eeeeeeeeesss e e

A45..

46..
46

4.5 Participant Order .........cccevviiiiiiiii e smmmmmnn e A0
4.6 B\ r= W ot0]|[=Te1 1 o] o HRUTTE TR 46

4.6.1 BrOWSEI LOGS. . iieieeuuuutuuniiuniimmmmmmmme e e e e e e e ee ettt emmmmeeems bbb s e e e e e e e e e e e e
4.6.2 Demographic Questionnaire and The Spatial Ability Test.............cccoeeiieeeees
4.6.3 Posttask QUESHIONNAIIES...........iieeeieiieiimmmmmemee e eeeeeeeesimmmmmmmmrsss e eeeeeess smmmmnn
4.6.4 PoOStStUdY QUESTIONNAIIB. ........uueeieiiiiieesemmmmmmmiiiieiee e e emmmmmmm s e
4.6.5 POSESIUAY INTEIVIEW ....uuii it cceeemmmms e e et ssmmmmmmms e e e e et e s smmmemmms e
4.6.6 VIidEO RECOMMINGS. .. .uuuiriiiiiiiiiiesimmmmmmmsi ittt et e e e e emmmmmmms bbb emmmmmmmm e

AT...
47
48
48
48.
48..



4.7 Location Of the STUAY .......eeeiiiiiiieiee e ccceme e emmmmms e e e e e e e s s 49

4.8 StUdy PArtICIDANTS .....eeiiiiiiiiiiiie e emmmmmr e e e e 49
4.9 RECTUIIMENT ...ttt 49
4.10  INTOrMEA CONSENT ...ooiiiiiiiiiie it smmmeme et st 49
411 COMPENSALION ...eeviiiiieiiiiieieee s mmmee et e e e s st s smmmmms e e e e e ssbee e e e e s immmmmt e e e e nnee s 50
I AN g - 11V SRR 50.
CHAPTER S  RESULTS....o ot eeeemret e mmmmma e 51
51 Spatial ADIIEY ... e 51
5.2 Using Task Annotations For Recalling 3D Tasks vs. Resuming Them ......... 51
5.3 Using Annotation During Tasks Facilitates Later Resumption ..................... 53
5.4 Using Resumption Aids Facilitates Reviewing and Summarizing Tas ks......58

5.4.1 Summarizing the First SESSION............cccvvvvivieemmmmmmieseeeeeeeeeeessmmmmmeeeeeeseeeeen D900,

5.4.2 Summarizing the Second SEeSSION.............coiviiiimmmeeemeeiieeeee e smmmmmmemeeeeeee B3

5.5 Audio Annotations Are More Effective Than Video Only  ......cceviiiiiiiiiiiiiiies 67
5.6 Ease of Use and EffeCtiVENESS..........cocviiiiiiiiiiemee s s 68
CHAPTER 6 DISCUSSION......cctiiiiiiiiiieiiimmmene ettt ammmmma e e s inne e e 14.
6.1 LIMITAIONS oo e 81
6.2 FULUIE WOTK .ot e e e 82
CHAPER 7  CONCLUSION. .. ..ottt ieeee et emmmmmne e 84
BIBLIOGRAPHY ...ttt ettt rmmemme et e et 86
APPENDIX A STUDY TASKS... .ottt esiemmeme ettt emmmmma e 92
APPENDIX B RECURUMENT NOTICE.......coiiiiiiiiee s imeeeeeee e 111
APPENDIX C INFORMED CONSENT.....cciiiiiiitiiaiiitieeime et emmeeeee s 112
APPENDIX D BACKGROUND QUESTINNAIRE.........ccooiiiiiiieeee e 115
APPENDIX E  SPATIAL ABILITY TEST...ciiiiiiiee e e e 117
APPENDIX F POST TASK QUESTIONNIRE (NO AID)........cccvviiiiieiiiimee e 122

APPENDIX G POST TASK QUESTIONNIRE (AUDIO NOTES RESUMPTION AID)



APPENDIXH POST TASK QUESTIONNIRE (VIDEO REPLAY RESUMPTION)AID

................................................................................................... 125
APPENDIX | POST TASK QUESTIONNIRE (COMBINED AUDIO VIDEO
RESUMPTION AID ..ottt eeeemr s s 127
APPENDIXJ POST STUDY QUESIONNIRE............cooiiiee e 129
APPENDIX K POSTSTUDY SEMISTRUCTURE INTERVIEW.........c.ceeee. 131
APPENDIX L PARTCIPANT PYMENT RECIEPIT.......ccooiiiiie 133
APPENDIX M Research Ethics Board Approval Letter .............ouvvviviivvvvieeeen. 134

Vi



LIST OF TABLES

Table 1 The final study design for the current study................ovvviiiicccreiieiiiiiinnns 40
Table 2 Numbers of participants using the resumption aid for resumption purpb&es.
Table 3 Numbers of Participants using the resumption aid for recalling purposés

Table 4 The means and standard deviations for Resumption Lag by Task, Model and

ST U T3 0] 11 0] o AN [ PSS 53
Table 5 The Analysis of Resumption Lag as a functiéiask, Model and Resumption
o RSSO o5
Table 6 The means and number of participants for Resumption Lag (in sec) as a
function of Task, Model, Use Aid, and Resumption Aid...............ccevvvvvvieeee.... 56
Table 7 The analysis of Task, Model, Resumption Aid, and Use.Aid.................. 57
Table 8 The analysis of Task, Model, and Use Aid............cccceeeviiiiieeeiiiiee e 58
Table 9 The means and standard deviation for the score of the first summary by Task,
Model and Resumption Aid.........cccooiiiiiiiiiiii e eeeeeeeeee e 59
Table 10 The analysis of the score diet first summary as a Function of Task, Model,
and ReSUMPLIONAI. .......oooiiiii e e e e e e e e e 61
Table 11 The means for of the score of the first summary as a function of Task,
Model, Use Aid, and Resumption Aid................uuuiiiiiiceeeeiiiice e 62
Table 14 The means and the standard deviation for the score of the second summary
by Task, Model and Resumption Aid.............ooooiiiiimn e 64
Table 15 TheAnalysis of the score of the second summary as a Function of Task,
Model, and ReSumptioNAId..........cccooiiiiiiiiiiic e 66
Table 16 The means for of the score of the second summary as a function of Task,
Model, Resumpbn Aid, and USE Aid...........ceeuruueimmmiiiieeeeiiiiinnsee e e e e e e e e eeees 67

vii



LIST OF FIGURES

Figure 1  Interruption recovery process (Traftona¢t 2003)...........ccovvvvvivivininnnee. 18

Figure 2  Animated Snapshots Tool. Part A provides controls to specify the time and
duration of interactio considered. Part B show thumbnails of the snapshots
representing a programmer sé6 wor K.i.h9g envi

Figure 3 Interruption Assistance Interface (Scott et al., 2006)................c......... 21

Figure 4  ChittyChatty (CC) Interfaceé tempoal coindexing of notes and audio and

Pen & Paper (PP) (Kalnikaito & Whittaker, 20Q7)..........ccccovvvviiiiiimmmnieeeeeennnnns 25
Figure 5  HOOPS 3D Part VIEWET..........coovvuiiiiiiiiiimmeeceetviniee e e e e e e e e enema s 27
Figure 6 Audio Notes Resumption Aid login WindOW.................ccevvvivimeeeeeenenee. 28
Figure 7 The Components of the Audio TOOIKIL................eeeeeiiiiieeniiiiiiiiiiieeeen. 29
Figure 8 The Components of the Replay Audio Notes window......................... 30
Figure 9 Video Replay Resumption Aid 10gin WiNAOW...........cccceveeeeeeeeecceniicnnnn. 31
Figure 10 The Components of the Video TOOIKit.........cccoeeeiiiieiiiiiceeiiiiie e, 32
Figure 11 Location of user figures as interesting interaction points................... 32
Figure 12 The Components of the Video Replay WindQWw................cccuvvviieemnnnnns 33
Figure 13 Combined Audio Video Resumption Aid...........ccccoeeiiiiiiiieeciiiccieeeeeennn. 34
Figure 14 The Components of the Combined Audio Video Toolkit..................... 34
Figure 15 The Components of the Combined Audio Video Windaw................... 35
Figure 16 3D Model used in the study to perform training tasks.............cccc....... 42
Figure 17 Two 3D Models used in the study to perform main tasks.................. 42
Figure 18 Study Procedures (Sessionl, Session 2, Interruption Period, and Resumption

= o ) PSP U USRS PPPPPRIY 45
Figure 19 The change in performance for Resumption Lag across Resumption Aid,

Tasks and MOAEIS...........oouueiieiiiie e e e e e e e e eenees 54
Figure 20 The change iscore for the first summary across Resumption Aid, Tasks and

MOAEIS....ceeee e et e e erannnend 60

Figure 21 The Box Plot for No Aid, Do not Use Remption Aid, and Used
Resumption Aid CONAItIONS...........uuuiiiiiiiiiiii et e e 63

Figure 22 The change in score for the second summary across Resnmpli Tasks
AN MOUEIS..... e e e e e e e eeena s 65


file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451911
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451912
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451912
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451912
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451913
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451914
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451914
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451916
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451917
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451918
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451919
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451920
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451921
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451923
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451924
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451925
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451926
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451927
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451928
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451928
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451929
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451929
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451930
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451930
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451931
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451931
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451932
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451932

Figure 23 Responses for Audio Notes, Video Replay, and Combined Audio Video
Resumption Aid geStiONNAIrES...........cccviiiiiiiiiiiieeee e et e 69
Figure 24 Responses for Audio Notes, Video Replay, and Combined Audio Video
Resumption Aid qUESLIONNES...............c.uvvviiiireiieeeiiiiniiieeeeeeeeeeeeeeeseesmreeeeeeeees d O
Figure 25 Responses for Audio Notes, Video Replay, and Combined Audio Video
Resumption Aid qUESLIONNAIES...........ccceeevviiiiiiieeee e eeeeeeeeeeeeeeesemmmeeeeeeeeen d L
Figure 26 Responses for No Aid, Audio Notes, Video Replay, and Combined Audio
Video Resumption Aid QUESHIONNAIIES.........uuriiiiiiiiiiiiiieeeeeeeeee e ee e e e e e e e e e 72
Figure 27 Responses for No Aid, Audio Notes, Video Replay, and Combined Audio
Video ReSUMPLION All.......ccooiiiiiiieiie e e 73


file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451933
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451933
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451934
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451934
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451935
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451935
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451936
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451936
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451937
file:///D:/FINALLLLL%20CORRECTIONS/Almangush-Rugaia-MCSc-CSCI-March-2017.doc%23_Toc480451937

ABSTRACT

Aircraft mechanics use mobile devices and workstations to view 3D models of
parts and assemblies. This offers easy viewing of static perspectives of a 3D model;
however, during more complicated tasks when model perspsatiged to be rotated,
panned, and zoomed, mechanics can experience difficulty resuming the task after
interruption, either due to not recalling details of the work, or not recognizing the current
perspective in relation to the part or assembly as a wimoéa attempt to reduce the loss
of task context after interruption, we developed three resumption aid interfaces. Each
provides a different method of capturing work state at key moments for later retrieval.
They are: screenstewith audio, videeonly, and combinedaudia/video. We conducted
a comparative evaluation (N=32) with four resumption conditions (one for each interface
and a control condition with no resumption aid). Participants used the respective aid to
record their work while performing taskTasks were interruptec&nd resumed in a
second session. Our participants used the data recorded in uhgpties aids for two
purposesat the beginning of the resumed task, to assist in locating the resumption point,
and at the end of the resumed task a s s i st recal ling a task?©o
writing a task summary.

Findings show that these tools boost interruption recovery for tasks based on 3D
models. Using a resumption aid to record work state in the first session led to faster
resumptbn in the second session if participants did not reference the assigned resumption
aid at the point of resumption. If they did use the tool as a reference, resumption time was
comparable to the control condition (no resumption aid). When recalling taskattthe
end of a task, accuracy was highest when the resumption aid was referenced. Participants
preferred combined audiwdeo and screensi®with audio to the vide@nly interface.

Our results support the memory for goal theory (Altman and Trafto®2)2@vhich
asserts that supporting activation of the interrupted goal and encoding cues before the
onset of the interruption will aid later resumptio@ur results suggest that audio
annotations anchored with screenshots or video i recall subtasksvhen working

with complex 3D models, and that this is helpful for both task resumption and

summarization



ACT-R
CC
DoF
HCI
LSD
OM

PP
ul
VEs

LIST OF ABBREVIATIONS

Adaptive Control of ThougiRational
ChittyChatty

Degree of Freedom

Human Compudr Interaction

Least Significant Difference
Organic Memory

Participants

Pen & Paper

User Interface

Virtual Environments

Xi

USED



ACKNOWLEDGEMENTS

My unreserved gratitude and praises are for AlaliMlost Compassionate, and the Most
Merciful. He blessed me with his bounties, and he has given me the strength and courage to
reach my goals during the course of this research

| would like to thank my supervi3nrDerek Reilfgr all the informatio and his support for
the entire project. Also for his help for planning and executing my research work. That has

enabled me to get a deep understanding of the project and research work..Thank you

| also would like to thaiik. Bonnie MacKay and Dr. Ba@ampandpr their help and
feedback and comments in designing the study.

Finally, thanks to my thesis comniiteBtephen BroaksdDr. Jamie Blusteiior their

inspiring questions and comments.

Thank you so much!

Xii



CHAPTER 1 INTRODUC TION

In the field of HumarComputer Interaction (HCI), interruptions are disruptive
events, usually constraining performance and causing mistakes. Interruption can
critically impact workflow and is therefore an area of focus for many HCI researchers.
Interruption often happens in the workplace; it comes from various sources such as other
people and devices (email and system notifications). Interrupted people often need to
return and resume their original task later, which means they must recall wherestbey w
in the task before the onset of the interruption. This depends on the user's ability, which
is associated witlprospective memoryProspective memory, defined Bjeacham &
Singer (1977)as remembering to do an intended action after a delay, likely involves
some processing phases: intention formation, preserving the intention in memory while
conducting a secondary task, performing the intended actitve auttable moment, and
assessing the resifillis, Brandimonte, Einstein, & McDaniel, 1996Jowever, people
cannot always rely on this aspect of their memory since it sometimes failsoathe
goal of the primary task is forgotten. This can be due to several reasons: tang pasl
memory decay, not committing task details to long term memory in the first place, events
between task sessions making it easy to forget prior tasks, other activities making it
difficult to context switch. When users resume their task, they ustelyire time to
return to where they had left off, have an increased chance of making mistakes, and may
fail to retrieve the last state of the interrupted task. Thus, the ability to resume a task
following interruptions depends on the ability of the huntamin to manage the
disruption of a current process, conduct some secondary activities, then resume the
original process with a good level of accuracy and ease, and low resumption lag. Some
research in this area aims to clarify the cognitive basis ofstagbension and resumption
procedures, exclusively focusing on the resumption of the task as a mieaseq

process (Dismukes & Novinsky, 2007; Monk et al., 2008). According to Altmann &



Trafton (2002), resumption | aaggnitvedemands dep

and lengthThey used resumption lag, defined as the period of time between the
completion of the secondary taske(, theinterrupting tashk and resumption otthe

unfinished primary task.e., the interrupted taskas the mia measuref the disruptive
impacts of interruption. These findings provide support for the modekaiory for

goals which is a model that predicts that preparation before interruption occurs can
assist task resumption; it asserts that supporting activatioe aftdrrupted goal and
encoding cues before the onset of the interruption will aid later resumption (Altmann &
Trafton, 2002). Hodgetts et al. (2006) report that the longer the interruption, the longer it
takes to resume the primary task, and the greaggpassibility to make errors at

resumption.

1.1 ResearchPROBLEM

Aircraft and other heavy equipment mechanics work within a number of special
conditions such as loud, tight, and restrictive workspaces. They frequently move about
within and around the workspa, and need to work with and switch between a variety of
tools and materials3D models are a critically important information resource for
mechanics: they provide detail about the specific parts and assemblies they are working
on, providing visual confiation of work process and desired results. Mechanics can
use a range of technologies to access 3D models, including desktop workstations with
large displays, rugged laptops, tablets with touchscreens, and paper printouts. In the
course of a job, a mechamnight return several times to a 3D model, sometimes moving
between stationary workstations away from the worksite and mobile devices at the
worksite. In addition, mechanics are often interrupted while viewing a 3D model, as
assembly plants for large macbry like aircraft are dynamic environments. These
factors require mechanics to expend more energy to remember and then recall what they

were doing when they return to a 3D model.



We were inspired by the aircraft mechanics scenario to explore diffedsnfoa
resuming tasks involving 3D models. The key problem with identifying strategies for
task resumption is determining which are most helpful for a certain type of task, and how
much variation there is in individual behavior and performance with tfferetfit
resumption strategies. We were interested in exploring technical aids that would support

resuming tasks involving 3D models.

1.2 RESEARCHOBJECTIVE AND RESEARCHQUESTIONS

Our goal in this thesis is to investigate aids for resuming tasks with 3D models
Thus, we designed three techniques intended to help in resuming a suspended task
involving 3D models: screenshots combined with audio descriptions, video snippets of
interaction, and video snippets combined with audio descriptions. Three resumption aid
prototypes were developed (one per technique), each providing the mechanics with the
ability to record details of their task and a means to retrieve these later on to support
resumption.

We wanted to assess the suitability of each approach for aidingesskption
with 3D models. To do this we conducted a comparative evaluation. In it participants
performed a set of tasks involving 3D models, annotating their progress as they saw fit
using one of the resumption aids (aaid control condition was also rdhistered), and
at a specific stage we interrupted them by asking them to move to the nexh tagk.
original study design, interruption and resumption occurred in the same session, but our
pilot participants were able to resume easily without thempsion aids. We believed
this might have been impacted by environment (e.g., in a noisy work environment
resumption may not be as easy), but rather than try to simulate a noisy work environment
we decidedo examine the effectiveness of the developed rpsomaids after longer-
term interruptios (lasting a day or longer). This length of interruption is common for
workers who return the next day to continue a job, in aerospace and in other industries

We leave a study of shortegrm interruptions in noisgnvironments for future work.



After completing their task, we ask@drticipantsto recall the whole task by writing a
summary of each step taken before and after the interruption. Performance was measured
primarily in terms of resumption lag and summeoyrectness.
From this work, we hoped to discern:
RQ1. What is the most helpful aid for task resumption with 3D models (in terms
of reducing the resumption lag)?
RQ2. What is the most helpful aid for task recalling with 3D models (in terms
of increasing the accuraoy recalling)?
RQ3. What are most appropriate aids for different types of task (specifically
CompareandTracetasks, defined later)?
In addition to comparing the three approaches, we also wanted to develop a set of
criteria that would help identify featuresrfa refined resumption aid interface in such a
manner that the strengths of each feature are emphasized and their limitations

deemphasized. As such, it may be that a single interface works for a wide range of tasks.

1.3 CONTRIBUTION

This research makes thdléaving theoretical contributions:

1. It explores how different aid interfaces suppegumingand recalling tasks with
3D models when these tasks are suspended.

2. It examines the usability of three resumption aid interfaces for resuming and
recalling differem kinds of tasks involving 3D models.
The research also makiseepractical contributions:

1. The resumption aid interfaces were inspired by visits to aircraft assembly plants
and discussions with creators of technical doguaten for aircraft mechanics.

2. While a contextual evaluation is beyond the scope of this thesis, we consider the
implications of our findings on the design of resumption aids in this domain.

3. We propose features for a task resumption aid for tasks involving 3D models that

might be usefuin a wider range of contexts.



1.4 STRUCTURE OF THETHESIS

Chapter 2 presents a background of related work. We begin by defining 3D
interaction, then we identify interruptions and then outline the factors that make them
more disruptive as well as those thanhalecrease their harmful impacts. We describe
some i ssues that may i mpact wuserso6 perfornm
and explain how these effects have been measured. We then review the literature on
assistive tools and techniques that éndveen developed to assist people with task
resumption and recall to overcome the effects of the interruption.

In Chapter 3, we present the design of the three user interfaces. We illustrate how
they work as resumption and recalling aids, explain whatttezefeatures that each
interface provides.

Chapter 4 begins with an analysis of the pilot study design and its limitations,
which lead to the presentation of the final study design; this includes materials, study
procedures, data collection, location, mapants, recruitment, informed consent,
compensation, and analysis.

Chapter 5 discusses the results of the study, including how participants used the
interfaces for both resumption and recalling purposes, and the impact of these aids on
task resumption ahrecalling the 3D task.

Chapter 6 discusses our results, presents design recommendations, and identifies

areas for future work, and we conclude in Chapter 7.



CHAPTER 2 LITERATURE REVIEW

This chapter covers research literature related to inteong We first discuss
3D modeling and interaction with 3D models; present sdiffeeulties with tasks in 3D
environments. Then, we discuss the factors that make interruption more disruptive. We
then review some miebds for managing interruption. Nexte discuss resumption and
its associated processes (recovery from interruption). Finally, we present some
approaches to assist with task resumption and recall. These reviews serve as the
motivating foundation of our preliminary designs and prototype impitgtiens

presented in the next chapter.

2.1 INTERACTION WITH 3D MODELS

Recently, the use of highuality 3D models in workplaces and elsewhere have
grown quickly. This direction has led to the establishment of a range of 3D model
websites as well as applicats and libraries where 3D developers can share models they
build (Monk, BoehmDavis, Mason, & Trafton, 2004)3D models have been used
diversely in many fields such as medicii¢. W. John, 2007; Tendick et al., 2000)
manufacturing(Mujber, Szecsi, & Hashmi, 20043)lesign(Maher, Liew, Gu, & Ding,
2005) and educatiofChittaro & Ranon, 2007)Moreover, they play an increasing role
in examining spatial abilities (Waller, 2005), and testing directional knowledge (Waller
et al., 2004).

Interactionwith 3D modelsis a complex task; it involvethree main tasks
(navigation selectionand manipulaton). When users are performing 3D irgetion, a
primary goal ofthe interaction is to manipulate the object in terms of its position and

orientation in space.

2.1.1 Navigation
Navigation is a significant aspect of 3D interaction. Accordinguib& Furnas

(1997) navigation is defined as the process in which people locate where they are, where



other things are and how to find and get to specific object or location. Navigatioe can b
difficult: people get lost and their navigation efforts become frustr@ted& Furnas,

1997) Similar issues can occur when workingttwcomplex 3D modelsUsers of
complex 3D models need to be able to understand what they are viewing or manipulating
in relation to the entire model and its subassemblighout using a good visualization

and exploration instruments, it easy for usersgéd lost while they are navigating
through 3D objectsio view these objects from inappropriate angles,miss key
features, ando suffer frustrationwith the difficulty to navigate as requirefbr a task
(Singh & Balakrishnan, 2004)

2.1.2 Selection Task

Before users start interactingith 3D objects, the desired object has to be
determined. When interaction is limited to a 3D display, selectiors task be applied
by using imageplane techniguegBowman, 1999) Selection can be also implemented

indirectly by tools of renus and lists.

2.1.3 Manipulation
Another common task performed in 3D environment is selecting a 3D object and
then manipulating it directly. Manipulation techniques involve three basic :tasks

translation, rotation, and scaling.

2.1.3.1Translation Task

After a 3D obgct is selected and a translation task is required, a motion in the
level parallel to the surface can be appliedaccomplish translationVe used the

HOOPS 3D Part Viewer application to preform this type of task.

2.1.3.2Rotation Task

In 2D, rotation can be pesfmed very easily. For example, one touch point
identifies the rotation center, while the size of the rotation is determined by round motion



around the rotation centdrdowever, réation of 3D objects can b@more complex than
mental rotation of 2D object&inn & Petersen, 1985jue to a touch interface limits the
user's interaction to 2D rotation the 3D are hard to understand.

2.1.3.3ScalingTask

In 3D, scaling task can be straightforward if scaling is uniforfhnon-uniform
scaling is required, specification of the scaling vector taudeto the 3D object is a
difficult task. We used the HOOPSD Part Viewer application to preform uniform
scaling.

2.2 3DINTERACTIONISSUES

Although people live in a 3D world and spend all their lives developing skills to
manipulate 3D objects and navigate 3D spaces, it can be difficult to interact with 3D
models andvithin 3D environments. Conventional display devices have only the ability
to display twedimensional (2D) pictures that do not have the depth (3D) information.
This significant | imitation greatly restr.i
complexity of 3D objects and their spatial relationships. There is evidence that about
50% of the human brainds capabi |I($impgoni s as s
2013) however, flat pictures and 2D displays do not utilize the power of the brain
efficiently. Therefore, a laclof true 3D display impacts our ability to accurately
visualize highdimensional datéGeng, 2013)

Multi-touch techniques on 2D screens permit 3D objects to be manipulated using
one or more fingers at various pressure le{elsrce et al., 1997However, since user
interaction is limited to a 2D touch surface, the specification of six degrees of freedom
(DoF) becomes neimtuitive, which complicates 3D interactiq&pps, Lichman, & Wu,

2006)



Precise spatial knowledge of complex 3D models can require time, and many
users either do not want to or are not ablsgend the time requird®uddle, Payne, &
Jones, 1997)

3D interaction issues become more pronounced with the size and complexity of
3D environments(Weatherford, 1985) Since users cannot learn the environment
structure from a single point of view they must navigate widely and link information
deriving from various points of view.

Other contributing factors tanteractiondifficulties include unfamiliarity with a
specific 3D model, and a lack of experience with 3D model viewer software in general
(Ruddle, Payne, & Jones, 1998) lack of adequate landrkarin themodel, and a
limited field of view (Sayers, 2004)While navigating complex 3D environments and
models is difficult, we expect it becomes more difficult when timtin task is

interrupted. We survey relevant literature on interruptions next.

2.3 INTERRUPTION ANDFACTORSTHAT MAKE IT MOREDISRUPTIVE

Several interruption studies focus on identifying the characteristics that make
interruptions more or less disruptive (eMcFarlane 2002) Many characteristics have
been shown to I mpact main task performance
to the main task, interruptiacomplexity, the relevance of the main task and interruption
tasks, and timing of interruption occurrence. Studying these characteristics is important
for understanding how people might better handle interruptions to work more effectively.
Altmann & Trafton (2002presented a theoretic model calledmory for goalswhich is
especially appropriate for the study of interruption. Tiisdel has been examined in
several interruption studigé&ltmann & Trafton, 2007; Hodgetts & Jones, 2006; Monk,
BoehmDavis, Mason, & Trafton, 2004; Trafton, Altmann, Brock, & Mintz, 2003
Hodgetts & Jones, 2006)The memory for goals model is a formal model of goal
encoding and recovery in memory. Understanding the manner in wiials gre

suspended and resumed is an important element in determining how well a user is able to



complete the interrupted task. For example, if the primary task is writing a report, it
might be suspended when an instant message is received from an impenter. As

with many such conversations, the person might have a chance to go back to his main
task while waiting for a reply from the sender. However, with each switch, the person
must regather his thoughts to resume writing the report.

Since this memry for goalsmodelwas built to understand such suspended and
resumed goals, it is extremely useful for predicting the effects of interruption on main
task resumption. The memory for goals model was built based on the activation model of
memory items and represented by the ACR (Adaptive Control of ThougkRational)
cognitive architectur¢Anderson et al., 2004; Anderson, Bothell, Lebiere, & Matessa,
1998) In ACT-R, information is preserved in memory in pieces, and each of these pieces
has a specific level of actitian. The main assumption of this model is that when central
cognition uses memory, the memory regains the most active piece at that moment. Going
back to the example above, the current goal of the writer has the highest level of
activation at that instantin other words, goals that recently have been encoded or
recovered will havea higher activation level (the most recent or frequent goals). The
report writer will succeed in resuming a suspended task if it was the center of attention
just before onset ehinterruption or for a long period of time before the interruption.

The impact of interruption on task performance could be tested withnéh®ory
for goals theory (Altmann & Trafton, 2002) to provide a theoretical explanation of the
decisive factors ofoal activation and therefore behavior. For instance, when the main
goal is interrupted by a secondary goal, the main goal memory will instantly start to
experience activation decay (supposing that the secondary task uses the cognitive
resources that shalilbe used to rehearse details for the main task). After the
interruption, the required time to resume the suspended goal is mainly associated with its
level of activation (Altmann & Trafton, 2002). Primary goals that have been pending for

a longer time wilrequire longer to resume supposing no intermediating rehearsal.
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2.3.1 Interruption Duration

Studying the duration of interruptions has generated different findings in the
literature. Researchers who studied the impact of different interruption ahsradn
interrupted task performance have failed to find any eff&hstein, McDaniel,
Williford, Pagan, & Dismukes, 2003) Agai n, Al tmann et al . d&s
theory, which supposes thatcbatask has a related goal with a specific activation level,
is relevant here. When the main task is interrupted, its associated goal is kept in the
memory. Altmann et al. (2002) found that during interruption, if the goal is not
rehearsed, the activatiaf this goal decays. After interruption, when the main task is
resumed, its goal must be obtained from memory, which requires some time. Similarly,
Hodgetts & Jonegq2006) have shown an impact of interruption duration on task
resumption using the Tower of Hanoi task. Their goal was tb ttes predictive

capability of the memory for goals model. In their work, participants were asked after

three moves to perform an interruption by

bottom of the computer screen to open the mood checklist task.inf@rruption
continued for either 6 or 18 seconds (s). Resumption time, which is the time to resume a

task after the interruption, was longer in the 18 second interruption condition. This was

the first practical suppodel. of Al tmann and

Other research could not demonstrate any impact of the duration of an
interruption.Gillie & Broadbent(1989)did a set of experiments to investigate why some
interruptions are morelestructivethan others. In the first and second experiments,
participants had to play a computer game that required them to navigate through an
environment and choose objects from a memorized list. Interruptions occurred after
specific objects were chosen. The interruptions were simple mathematical questions. In
the first experiment, the interruption length wass3@vhile in the second experimant
was 2.75 min. Neither duration led to post interruption task performance decrements.
The researchers statgdt he | engt h of an i nterruption

critical factor in determining entlystudee r i
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in the M@Apr os pe c tprovidedfuniemdata goncerrong theé intérruption
duration issue(Einstein et al., 2003; McDaniel, Einstein, Graham, & Rall, 2004)
According to Eingtin et al. (2003), people were able to retain goals over short intervals
between 5 to 48. In a later study, McDaniel et al. (2004) manipulated the interruption
length, extending it to examine the impacts of the duration of the interruption. They
comparedLO-s and 26s interruption periods. The findings again demonstrated no effect
for interruption duration.

A main challenge for the memory for goals model was to illustrate why one of its
essential predictions for interrupted task performance had not sagmorted in the
literature. Hodgetts & Jones (2006) revealed several possible reasons for thetdailure
demonstrate consistent prodts the effects of interruption duration. One reason was
that several interruption studies used global measures, whdoh not sensitive to the
impacts associated with goal resumption. For exami@dlie & Broadbent, 1989)
conducted a study to compare pa;d posiinterruption task times and error averages,
but did not examine the time participants needed to resume the task after the interruption.
Czerwinski, Cutrell, & Horvitz, (2000neasued the total time to perform the interrupted
task and the time to respond to the notification of the interruption. Other researchers
measured errors rates in the main task perform@dedier & Eyrolle, 1992; McFarlane,

2002; Oulasvirta & Saariluoma, 2004hd performance of decisiomaking (Speier,

Vessey, & Valacich, 2003)The lack of sensitive meares for how quickly people

resume the suspended task after interruption might have been one of the main reasons
why past studies failed to find any effects of interruption duration. It was not until
Hodgetts and Jones (2006) (2@0P) présumgptcbn l&gl t ma n |
measure that proofs for the effects were found. Therefore, the resumption lag measure,
which is defined as the required time to resume the suspended goal, is adopted as an

important measure in our research.
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2.3.2 Timing

Interruption is ofén disruptive; however, sometimes an individual may feel that
there are better and worse moments to be interruftedtifying what makes specific
momentsbetter or wore has been an interesting area of research. For example, a
previous study has found ah interruptions occurring at subtask boundaries (the
beginning or the end of the subtask) have fewer impacts than those occurring in the
middle of a subtaskCzerwinski et al., 2000a; Monk et al., 2004jbal & Bailey (2005)
propose that this is due to the subtask boundaries representing moments of low
workload, so it is less digptive to be interrupted at the end of a sequence than in the
middle of it. Similary, Botvinick & Bylsma (2005) developed a theory of interruption
timing for routine tasks. They tested performance after the interruption. Their work
suggested that interruptions leavore negative impas in the middle of the subtask than
at subtask boundaries. In their study, the participants were interrupted at different points
while they were doing the routine task of making coffee. Results showed that the
participants who were interrupted in the meldf a subtask were more prone to commit
errors than when they were interrupted at subtask boundaries.

Some systems, such as Oasis builidiyal & Bailey (2010) have been created
for the purpose of controlling and managing interruption. This system holds notifications
until users reach a natural breakpoint in their primary féls&.researchers specify three
levels for breakpoints: coarse, medium and fine. Fine breakpoints include switching from
writing to reviewing a document, while coarse breakpoints happen when users switch to
an entirely independent task. Interruption is ldssuptive at coarse breakpoints since
there is no continuous context that needs to be preserved. The authors ascribed increase
in errors during subtasks to Atempor al co
make a decision regarding what has besmnstied and what is left to do. This
information was clearest at decision points in which peopleatteddecide what they
should do next. Representation of what has been done and what has not been are

important elements for the process of decigiaking Therefore, these components are
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mostly represented between subtasks. Within a syhti@siporal context is less clear;

thus, it is more easily disrupted

2.3.3 Task Complexity

Gillie and Broadbent (1989), Hodgetts and Jones (2006b),(@ades, Davis,
Trafton, & Monk, 2007)all adopted a processing requirements definition of task
complexity. This was consistent with the definition (Byrne & Bovair, 1997) who
indicated that there are a number of features that seem to determine task complexity,
including the number of actions to be done, the difficulty of doing these actions, the
number of sufgoals to be recalled, and the amount of imfation to be managed and
preserved. Gillie and Broadbent (1989) showed that the complexity of an interruption
task reduced the accuracy of the main task. The reason for this decline is that complex
interruptions lead to increased processing and memorg.lédatigetts and Jones (2006)
found that the resumption lag was shorter when the interruption task was simpler than
when the interruption task was complex. This is due to the intervention between the goal
of the primary task and the goal of the complexrmigtion task. According t&yrolle &
Cellier (2000) the compxity of the interruption can be determinieg the amount of
information handled over the interruption task. They found a slight effect of complexity

on error rate, but there was no effect on the time to complete the main task.

2.3.4 Task Relevance or Similarit vy

The similarity degree between the content of the main task and the interruption
task is a possible predictor of the disturbance of an interruption. However, it does not
capture any of the memory impacts that could result from the intervention between the
main task and the interruption. For example, if the main task requires memorizing a set
of product codes and then an interruption task asks a user to think about a connected set
of codes, this may either support recall of the original codes or confussehabout

which codes they were working with earlier (Altmann & Trafton, 2002).
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Previous studies about the interruption relevance have considered content
similarity and relevance as equivale@izerwinski, CutrellandHorvitz (2000b)defined
relevant interruptions as those that provided parti¢cgpéime answer to a question they
were trying to answer in the main task, while irrelevant interruptions provided
participants some detail about the environment in which they were woikjingl. &

Bailey (2008) state simply that a relevant interruption is associated with the main task,

while an irrelevant interruption is not.

2.4 METHODS OFINTERRUPTIONMANAGEMENT

McFarlane (2002) presented a taxonomy of human interruptions in HCI that
consisted of four methods of interruption coordination: immediate interruption,

negotiated interruptim mediated interruption, and scheduled interruption.

2.4.1 Immediate interruption

In this interruption type, the user is immediately affected by the interruption and
has no way to delay interaction with the interrupting task. This likely leads to an issue
whenusers return to the primary task. Regarding resumption, many studies have guided
the designers of user interface (Ul) on how to make the resumption task easier and more

efficient.

2.4.2 Negotiated Interruption
This method is the opposite of immediate interruptid-or a negotiated
interruption, users can make one of these choices:
91 Deal with the interruption immediately
1 Postpone, and inform the interrupting person that you will deal with it later
1 Explicitly refuse to deal with it (by stating so)
1

Implicitly refuseto deal with it by not interacting with the interrupting person

15



2.4.3 Mediated interruption

This method can be simply explained wit
secretary receives information (interruptions), and they determine how and when to
notify the manager that the information has been received. Interruptions to the manager

are therefore mediated by the secretary.

2.4.4 Scheduled interruption
The aim of this approach is to inform a user in advance when they will be
interrupted. It contributes to malgnvarious sorts of interruption less opportunistic so
that they will be more like scheduled tasks. However, this approach requires a good
understanding the doMcgalane, 2082)i on of wuserso6 t
McFarlane implemented four different user interfaegh each using one of the
above interruption methods. The primary task was galiagng and the interrupting
task was objeematching. The findings showed that there is no one best method for
interrupting users, and depending on the condition and tstersy any of the above
methods can be utilized. They give specific guidelines based on their results, as follows:
1 If accuracyis the main objective, then the best method is negotiated and the
worst is scheduled interruption.
1 If the number of taskss the nain objective, then the best method is scheduled
and the worst is immediate interruption.
1 If finishing the intermittent task is the main objective, then the best method is
immediate interruption.
1 If speed of responss the main objective then the best huet is immediate
interruption (McFarlane, 2002).
As we can see frorte previous workoutlinedabove there are many studiéisat
haveconsideredlifferent kinds of short term interruptions; however, in our study we are
not looking at different typgof interruption Insteadwe are considering resuming tasks

involving 3D modes aftera longer duration interruption (1 day)
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2.5 RESUMPTION(RECOVERY FROMINTERRUPTION

Interruption often lowers performance, by introducing a time cost for resuming
after the inteuption and increasing the number of errors during the tAkkann &
Trafton, 2004; Brumby, Cox, Back, & Gould, 2013; Monk et al., 200w people
resume their task after interruption is an interesting area of research, because it is often
thepoint where errors occufBailey & Konstan, 20063howed that interruption doubled
the occurrence of errors on routine tasks. Also, they found that interruption increased
participantsdé stress. Monk et al. (2004) ¢
demongtated that after interruption, participants were slower to resume their task and
they even resumed at the wrong point without realizinG&nerally, the literature on
resumption shows a picture of slowed progress, with added performance errors as a

consguence of interruption.

2.5.1 Resumption Process

Most of the studies on interruption recovery are based on the work of Trafton et
al. (2003) who did a task analysis of the interruption process and proposed a model to
explain this process. Trafton et al. (200 ganded McFar | -haseld6s ne
met hod and determined Ainterruption | ago
receiving the interruption alert and dealing with the interruption task. Then Altman et al.
(2003) suggested that interruption lag may Iseduas a preparatory phase for the
interruption and experimentally demonstrated that preparation (e.g., encoding goal) can
eliminate the required time to resume the main task. Another important concept in
interruption recover y.i s tcalsl ead ktehye nferaessuu r
an interruption on resumptiofddamczyk & Bailey, 2004; Altmann & Trafton, 2004,
2007) In exploratory studies, resumption lag is usually measured as the period between a
user being sked to resume a task and the initial physical action made like a mouse click.
Building on the memory for goal theory (Altman and Trafton, 2002), Altman et al.

(2003) proposed a simple cognitive process of interruption. The memory for goal model

17



stated thaa goal is preserved in various stages of memory. They assert that the recall of

the primary task after the resumption lag is achieved either by encoding the goals
prospectively or rehearsal of the last task in the active memory retrospectively. Ttafton e

al. (2003) indicated that the first stage in task recovery is to recall the last task status
before onset of the interruption and the memory for goal theory basically explains how

task status is recalled and preserved in working memory to resume th&ltaskver,
(Oulayirta & Saariluoma, 2006¢ x panded on Al tman and Traft
and suggest that in order to reduce the impacts of interruption on memory, task
representations have to be maintained in a way so that people can access it reliably and
quickly lat er on. Further mor e, Oul asvirta et a
concept of encoding the goal. They stated that experts realized hierarchical knowledge
representations called fAretrieval structur

afteran interruption.

Time
Primary task performance
— Alert
Interruption lag
— Start of secondary task
Secondary task performance
— End of secondary task
Resumption lag

— First action after interruption

Further primary task performance

v

Figurel Interruption recovery process (Trafton et al., 20(
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2.5.2 Tools to Help in Interruption Recovery

Several methods to facilitate interruption recovery have focused on aiding users
to recall what they were doing before the onset the interruption (Algmann &
Trafton, 2004) This research indicates that the undesirable impacts of interruption can

be mitigated if users are provided with a chance for preparation ptioe toterruptio.

2.5.2.1Replay Interruption Recovery Approaches

Some studies have focused on developing recovery tools in an attempt to mitigate
the loss of context after interruptio(Bafer & Murphy, 20073eveloped the Animated
Snapshots Tool, which quietly captures sna
and then offers a means of replaying the cagtwnapshots to determine task boundaries

to assist programmers in muléisking.

Animated Snapsho .
Time from () Hour ago - to [now p Populate Vi Last populated: Fri Mar 02
I =l I =l —,p eVew | 111832 pST 2007

SIminutes Siminutes sBminutes dBminutes 47minutes

1 second ago 25 seconds ago 46 seconds ago 9 seconds ago 46 seconds ago
\_ .
Figure2 Animated Snapshots Tool. Part A provides controls to specify the

and duration ofriteraction considered. Part B show thumbnails of the snapshots
representing a programmersé6 working

Similarly (Joyita & Rozenberg, n.ddesigned a snapshot tool that records the
screen of a programmer. Snapshots are captured every 2 seconds. This tool was
developed tassist the programmer with visual details about the task context. It may be
used by the programmers to retrieve task context after the end of the interriptgon.

tool, called Replay, provides developers with a video stream of snapshots of their work
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upto the onset of the interruption. The researchers conducted a study to evaluate this tool
and see how this tool assists developers to overcome the destructive impacts of
interruptions. They wanted to investigate if usage of the visual presentation of the
previous working status of the participants helps them get back to the main task easily
and reduces the time to resume coding. Participants were asked to do a simple coding
task and they were interrupted in the middle of that task. When participantssusmlh
for interruption recovery, they have two options; they either scroll between the snapshots
or play a video of the snapshots of their screen before the interruptienresults
showed that visual recollection is a helpful tool that assists devslapeecall their task
context and probably improve their performance. Participants who used Replay
expressed satisfaction with the tool.

Many studies have focused on assisting people to resume and recall what they
were doing before the interruption. Othresearch has studied interruption recovery in a
supervisory control task such as military command and control, air traffic control and
emergency response. These tasks depend on realizing what changes have happened in the
controlled system, which may oravzy no't be associated with
activities. Instant replay allows users to review a +sghed video of the period where
they were interrupted and mitigates the impacts of interruption on task resunfigtion.
John, Smallman, & Manes, 200bave examined instant replay as a resumption aid in
Adynamic monitoring activitieso, whi ch ar
severalsupervisory activities. Their study demonstrated that video replay as a recovery
aid is less effective than providing a history list of textual action descriptions in assisting
people with task resumptioMoreover, findings showed that video replay usubdtl to
increased resumption lag (slower resumption). Howd&aott, Mercier, Cummings, &
Wang, 2006)suggested that these results may have been affected by limitations in the
design of the capture tool itself: for example, thewml design did not highlight any
specific events; also, it did not allow users to control which events were played. All these

factors led to wasting too much time watching the video replay to recall their past
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actions. On the other hand, the textual mstst gave a summary of critical events, but

it required time and cognitive effort to link the contextual text to the graphical
component on the screen. Scott et al. (2006) developed an interruption recovery tool
called the Interruption Assistance Inté€. The main components of this tool are an
interactive event timeline that summarizes past events visually with iconic bookmarks
and a replay window that displays past events in their proper context. To investigate
approaches of discovering past evetts) methods of interaction for viewing events
were developed: the animated replay and bookmarked replay. In animated replay, a
specific series of events could be viewed in the replay window. In bookmarked replay,
when an event bookmark is selected, théarevindow shows the system stattsthat

time. The result showed that both assistance interfaces are effective interruption recovery

tools since they provide bookmarks of highlighting system events.
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2.5.2.2Contextual Cues

Some investigators haullustrated that an external cue such as red dot can work
as a cue to take a specific action (McDaniel et al., 2004). Moreover, Trafton et al. (2005)
tested various environmental cues, and then measured their impacts on resumption after
interruption. Thg conducted an experimental study in which participants were
interrupted, and at resumption they were provided with one of two kinds of cues or no
cue. The first kind of cue was a red arrow which provided a blatant environmental cue of
their prior actionwhile the second one was a mouse cursor left on the same place before
the onset of the interruption, considered
actions. Results indicated that the arrow cue allowed users to resume their tasks faster
than users than users who had the cursor cue or no Moesover, there was no
difference between the subtle environmental cue condition and no cue condition.

(Jones, Gould, & Cox, 2012ave looked for a method to alleviate the impacts
of interruption on performancdo A c oM@t er routi ne procedur a
they explored the effectiveness of various kinds of clié®y compared three cue
conditions: the control condition with no cues, previag8on cueing, and nexction
cueing. According to their findgs both previous and next action cueing mitigated the
average error level to below 5%. Other investigators have focused on other tools for
assisting suspended goals. Altmann and Trafton (2004), Hodgetts and Jones (2006), and
Trafton et al. (2005) have gWwn a strong positive relationship between the availability
of contextual cues and decreased resumption costs. In contrast, Cutrell et al. (2000, 2001)
did not find a pronounced benefit of madkea s ed cues on resumpt.
confirmed our earlieassessment that there is little to no benefit of having a marker

present after a notification was receivedo

2.5.2.3Rehearsal

The theory of Trafton et al. (2005) made three basic predictions about task

resumption after an interruption. First, theafs of the main task decay relatively
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steadily. They assert that the main aim of designing a helpful interruption tool is to
reduce or slowdown that decay in some way. Their theory supposes that there are two
fundamental methods to reduce goals decayngusnvironmental cues (discussed
above), or rehearsal. Rehearsal can be either retrospective (What was | doing?) or
prospective (AWhat was | about to do?0).
in the models proposed by Altmann & Trafton (2PpGthd Trafton et al., (2003).
However, the empirical data (Trafton et al.,, 2003) suggests that people do more
prospective rehearsal when given the opportunity.

Trafton et al. (2003) did an observation study of people who used prospective
rehearsal of theirtasks. Results showed that taking prospective rehearsal at the
interruption time has both positive and negative impd@sfford & Altmann, 2004)
examine the effectiveness of mental and physical notes that people take before the onset
of the interruption, to see whether they mitigate time cost at resumption. While
participants performed the primary taskiaual notification was randomly presented to
inform the participant that the peripheral task was about to launch. There were about six
seconds as interruption lag, and during that time the participant was not able to perform
any action on the primary taghterface. After that, the primary task was replaced by the
peripheral task (interruption), which continued for about 30 to 45 seconds, then the
primary task was presented again, to be instantly resumed. The study had three
conditions, as follows:

1 The No @e Conditionthe display of the primary task is cleared in the beginning

of the interruption lag.

1 The Cue Conditiothe display of the primary task is kept during the interruption
lag.

1 The Record Conditignparticipants are guided to use the interruptiag to
record some details on a prepared sheet about the primary task.

The results showed that in thle® Cue Conditionthere was a notable increase in

resumption lag, while in th€ue Conditionthe resumption lag was clearly lower than in
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the Record Conilion. These results indicate that visual cues reduce the resumption lag
of the primary task. However, recording contextual details on a sheet of paper slowed
down the resumption of the primary task.

Taking notes as retrospective rehearsal was examinedKhinikaito &
Whittaker, 2007who conducted an experiment exploring the relationship betneaten
taking methods (digital or paper based) and the later recovery. Participants were given
two systems: a noteaking device called ChittyChatty (CC) that integrate digital notes
with an audio record and traditional Pen & Paper (PP). The researchetesd wan
examine whether the quality and quantity of those notes associated with subsequent
organic memory (OM) (e.g., human memory without any external aids), they also
investigated people's understanding of the accuracy of their OM in terms of the quality
and quantity of their PP and CC notes, examine whether people who thought they had
faulty memories took more notes or not. The results showed that takinguatty
notes boosted OM; however, taking large numbers of notes did not. This result
seemingly uns counter to the distraction hypothesis which would suggest that taking
notes may cause people to remember less using OM at recall; however, it is likely that
taking good notes constitutes a form of rehearsal that commits task sequences to
memory, rathethan a distraction to the main task, thereby facilitating recall. Moreover,
there was a close equivalence between digital and pen and paper notes. Furthermore,
people who have less confidence about their OM tend to take many notes. This indicates
that these people have an awareness of the poor quality of their OM that is why they are

trying to overcompensate by taking more notes.
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Figure4 ChittyChatty (CC) Interface temporal coindexing of notes an
audio and Pen & Paper (PP) (Kalnikaito & Whittaker, 2007).

We applied some of the practices from the literature to our study design. Firstly,
we built our resumption aithterfaces based on memory for goals theory because we
believe that during interruption, if the goal of the task is not rehearsed, the activation of
this goal decays. Therefore, we developed these aids to help people preserve some
important details abouheir task status that might help them later for faster resumption.
Secondly, some results from previous studies of the impacts of duration, complexity,
timing, and relevance of the interruption showed that interrupting people in the middle of
their task vith a longer, more complex and irrelevant interruption have more disruptive
effects on the resumption. We wanted to evaluate our resumption aids in a kind of
challenging situation where people might need aids to resume tasks. Thus, we interrupted
the partcipants in the middle of their main task and exposed them to a long duration of
interruption, during which they may perform many irrelevant tasks of different
complexities. The interruption was an immediate so they had no chance to delay the
interaction wih the interrupting taskMcFarlane, 2002)

In the design ofour resumption aids we adopted the idea of the Replay tool
proposed byJoyita and Rozenberg(n.d.y we employ a iual presentation of the

previous working status of the past task status as a key component of the three proposed
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interfaces.Based on resudtfrom Kalnikaito and Whittaker (2007) who demonstrate
that taking highguality notes boosted memonye wanted to examine the effectiveness
of taking of audio noteswhile performing tasks based on 3D models, we utilized
audio annotation aother maincomponenbf two of our developed resumption sid

By looking to the previous interruption recovery approaches, we can see that
there are many approaches and techniques used as resumpgidor altferent tak
types.They usedlifferenttools (e.g., visual presentat®and audio annotations) to help
uses recall the previous state of their wphlowever, none of them hé&scused on work
involving 3D models. We identified a gap in helpful aids for 3D task resumption, and
investigated how well these aids assist with resuming 3D tasks to reduce the impact of
the interruption
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CHAPTER 3 USER INTERFACES

In this chapter, we present the applications we use in our study: the HOOPS 3D
Part Viewer and the three resumption aid interfaces. For the resumption aid prototypes,
we will present their degnh, features, and explain how they can be used for task

resumption.

3.1 HOOPS3D PART VIEWER

We used this application as the tool to vies 3nodels. HOOPS is commercial
software targeting users in aerospace and other manufacturing industries. Through
corsultation with the developers, a custom version was built in the lab to permit
interaction on touchscreens. Three basic interactions were implemented: zoom, pan, and
rotate. Zooming is achieved using the standard pinch interaction, panning by dragging
two fingers in the desired direction of movement, and rotating by dragging one finger in
the desired direction of rotation. The application was also designed to log all user

interactions for analysis purposes.

‘ 5} HOOPS 3D Part Viewer - [44k_assembly(opengl)]
&} File Edit View Manipulate Create Selection Markup Tools Performance Effects Help
Lnﬁ BE H 6 $AXNH k0 #0F DEPdlany BEHE + 0 %
@ KD = § 9% SO r D @D EED Q| >

Figure5 HOOPS 3D ParViewer.
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3.2 THENEW PROTOTYPES

We used Microsoft Visual Studio 2013 to build the thresumption aid
prototypes. These prototypes were designed to aid resumption of tasks involving 3D
models. The design of each resumption aid provides users with a vissehtaten of
their previous work states. This is done in different ways in each prototype: using
screenshots combined with an audio description, providing a video record ef user
selected interaction segments, and providing a video record alongside aaliptiba.

3.2.1 Audio Notes Prototype

This prototype was designed so that users can record audio notes during their
interaction with the 3D model. When users start their task, they log in to retrieve data
about their past sessions.

Audio Note Resumption Aid

2

|P1-Task] |

Login

Figure6 Audio Notes Resumpbn Aid login window

Once users are dgged in, they will see thAudio Toolkiton the top right corner
of the screenThey can usehis toolkit to record audio notes when interacting with the
3D model.

To begin recording, users need to press
Ast ocpordeé ngo button t o stop recording. E ¢

screenshot that captures the 3D model view when the user stops recording; this is similar
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to the Replay tool developed KJoyita & Rozenberg, n.dgnd theAnimated Snapshots

Tool designedby (Safer & Murphy, 2007) These tools quietly capture snapshots of a
pr ogr amme rsstliey veork rared ehen offer a means of replaying the captured
snapshotsWhen users are interacting with the 3D model, they may record as many notes

as they want.

ol Audio ToolKit (p2-task2) X :
1. Start recording
Recording Teo's Resumption Tools

°® & @ 2. Stop recording

3. Resumption

o Audio ToolKit (p2-task2) X

Recording Tools Resumption Tools

Fr Audio Recording
® 0

o Audio ToolKit (p2-task2) X

Recarding Too's Resumgtion Tools
The Audia Is

A ® Uil &

Figure7 The Components of the Audio Toolkit

When users want to resume their task,
(see Figure 7). Then they will seeeplay audio notesvindow that has the audio notes
that they recorded in the current session and any previous sessions. Sessions are defined
as instances that the HOOPS viewer is opened, and the audio notes toollizethitia
used at least once (which starts the session), and then explicitly closed (which saves the
session). The current application session is also presented (on the bottom of the list).
They are numbered sequentially and the date of each session iggriovitle list box to

facilitate disambiguation.
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4 Replay Audio Window (p2-task2)

Reply Recorded Notes
Select a Session

List of the sessions
List of audio notes for

Session 1 _2016-07-19
Sesson 2 20160720 |
Sesson 3 20161209

1

the selected session
3. Information time
about the selected
audio note
4. Audio control box
5. Audio note’s
associated screenshot
6. Audio note

Selict 3 Note to Ply
Hote |

Note Information
Start Tme : 12:19:32PM

EndTime : 12:20:00PM

Task Infarrration ) . bOOklnal'kS
© 0 i 6 i 7. Task start time
A O 1 1 8. Task end time

{ el
I zamoam / 12:23:28 PH

Figure8 The Compoents of the Replay Audio Notesndow.

Each session has numbered audio notes, which appear in a second list box when a
session is selected (Figure 8). When users
a screenshot thahows the 3D model view when they stopped recording the selected
audio note, presented on the right panel of the window (Figure 8). They also see a
timeline at the bottom of this window that shows the time in the session that each audio
note was recorded.he audio description plays when the user selects a note, which can
be done either fro the list or on the timelindl he not eds dwuration 1is
the window. Users can enlarge the screenshot by double tapping on the screenshot being
displayed,and then double tapping again to revert back to the original size. Also, they
may open the replay audio notes window from the audio notes toolkit as many times as
they want when they continue the task. When they complete the task, they press the
i C | o sttendin theAudio Toolkitto save the interaction as a new session and close the

window.
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3.2.2 Video Replay Prototype
This prototype was designed so that users can record a video of the screen during
their interaction with the 3D model. When users start ttaesk, they log in to retrieve

data about their past sessions.

Video Replay Resumption Aid

2

[P1-Task3| |

Figure9 Video Replay Resumption Aid login window.

Once users are logged in, they will see ¥ideo Toolkiton the top right corner
of the screen. Theygan use this toolkit to record a screen capture video of their
interactions wittthe 3D model.

To begin recording, users need to press
recording tools and press the fistop reco
captures all the interactions users perform with the 3D model. This protdgsenot
support audio recording, but video recording only. As users interact with the interface,
the locations where they touch the screen with their fingers will be recorded as
interaction points. Users may use this to indiaatémited points of inteest in their
interactions. For example, interactions such as long press, double tap, etc. can be used to
mean different things during tHngeriapst er act i

feature (see Figure 11).
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Figurel0 The Components of the Video Toolkit
When users wanttoresuhehei r task, they can

cl

(see Figure 10). Then they will sedRaplay videawindow that has the video recording

that has been recorded in the current session and any previous sessions.

D P Bdn W gt Come Seetn At Tesn
DoF M@ & 9= A 4o @lo e
i - e A

Figurell Location of user figures as interesting interaction points.
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1. List of the sessions
(videos)

2. Information time
about the selected
session

3.  Video control box
Video interaction
associated with the
selected session

5. Session start time

ki i 6. Session end time

104330 AM 5 Ay A

Figure12 The Components of the Video Replaindow.

Sessions are defined as times that the HOOPS viewer is opened, ahdeihe
Replaytool is initialized, used at least once (which starts the session), and then explicitly
closed (which saves the sessior)eTcurrent application session is also presented (at the
bottom of the list). They are numbered sequentially and the date of each session is
provided in the list box to facilitate disambiguation. Once users click on a session, it will
be played, althoughsuer s can al so press the dAplayo bt
They may also fAipauseodo the video at any ti
stop video replay, users need press the i
Users can alsenlarge the video by double tapping on the video being displayed, and
double tapping again to rext back to the original sizelsers can open this replay video
window from the video toolkit as many times as users want as they continue with the
task. Whet hey compl ete the task, tVideo yoolgitoe s st h

save the interaction as a new session and close the window.

3.2.3 Combined Audio Video  Prototype
This prototype was designed so that users can record a video of the screen and
record aidio notes during their interaction with the 3D model. When users start their

task, they log in to retrieve data about their past sessions.
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Combined Audio Video Resumption Aid

o

Figurel3 Combined Audio Video Resumption Aid.

Once users are logged in, they will see Auglio Video Toolkiton the top right
cornerof the screenThey canuse it to record a screen capture video of their interaction
with the 3D model and can also record audio notes. This prototype supports audio and
video recording, combining the features of the previous prototypes. As users interact
with the 3D modk a video of the screen will be recorded. Users can record as many
audio notes as they want. Moreover, the locations where users touch the screen with their

fingers will be recorded as interaction points.

Start video recording
Stop video recording
Start audio recording
Stop audio recording
Resumption

Lol S o ol

Figurel4d The Components of the Combined Audio Video Toolkit.
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When users want to resume their task, tteync ¢l i ck on the Ares.t
(see Figure 15). Then they will se&kaplay videavindow that has the audio notes that

they recorded in the current session and any previous sessions.

List of the sessions

2. List of audio notes for the
selected session

3. Information time about the
selected audio note
Video control box

5. Video interaction associated
with the selected session
Task start time

7. Task end time

8. Audio notes bookmark

Figurel5 The Components of the Combinaddio VideoWindow.

Similar to the previous resumption aid interfaces, sessionsedireed as times
that the HOOPS viewer is opened, and @mmbined Audio Videtool is initialized.
Like the Audio Notesresumption aid, each session has numbered audio notes. When
users click on a session, the whole video interaction will be played; hgwmsess can
also click on individual audi o notes to pl
button can be pressed to see the interaction video. Also, the video can be paused at any
time by pressing the fApl ay oaserbneeditopnessahgai n .
Afstopo bhaettoght oof Uderswilfispd adiymalne btuhe botiom.of
the screen showing at what point time in the interaction they recorded the audio notes
when a note is selected. This is similar to the tofron Assistance Interface (Scott et
al, 2006) that provides bookmarks of highlighted system events. Users can also enlarge
the video by double tapping on the video being displayed, and double tap agaerto rev
back to the original sizéJsers can opethis replay video window from th&udio Video

toolkit as many times as they want as they continue with the task. When they have
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compl eted the task, t hehAudpVidesToolkitolsave theCl o0 s e 0
interaction as a new session and ckbsewindow.
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CHAPTER 4 USER STUDY

To compare the three developed resumption aid interfaces and their suitability as
resumption aids for tasks involving 3D models, we conducted a laboratory study. This
chapter first describes the qilstudy then details the formal study design, including
tasks, data collection, location, participants, recruitment, informed consent,

compensation, and analysis.

4.1 PILOTSTUDY

After we finished designing the three resumption aids, we designed our study
with four independent variables: (1) Resumption Aids which had four leMelsAid
Audio NotesVideo ReplayandCombined Audio Vided2) Model, which also had two
levels, Model 1 and Model 2; (3) Main Task, which had eight levels, Tadkdel 1,
Task 2Model 1, Task aModel 1, Task Model 2, Task BModel 2, Task eModel 2,
Task #Model 4, Task 8Model 2; and, (4) Interruption Task which had four levels,
SimpleRelated, SimpléJnrelated, CompleRelated and Compleinrelated. The study
was conducted inre session and each participant performed 4 main tasks with each
model and one type of interruption in the middle of the task. The length of each
interruption was between b minutes. When we piloted this design with 3
participants, we encountered a nuwenbf issues:

1. The study took too much time, almost 3 hours for each participant to perform all
tasks (8 main tasks+ 8 interruption tasks).

2. The interruptions did not distract participants sufficiently so that they had
difficulty recalling the context of themain tasks. We posited that the resumption
aids were too coarsgrained to support most short term interruptions.

3. While unrelated tasks introduced a slight dion (however not pronounced),
we found that related tasks (whether simple or complexg wet at all disruptive
for our participants. This is consistent with the findings of Igbal & Bailey (2008),

who indicated that relevant interruptions are less disturbing than irrelevant ones.
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To better compare the utility of the three resumption aidsnage the following
modifications to the study design:

1. Extended the interruption period to one day. During this period the participant
was free to do many unrelated tasks of varying complexity. The study then
required two sessions (before and after interoum.

2. Removed the four levels of interruption taske donot consi der
interruption (indeed we do not control for this in our study, rather just allow the
participants to leave, and return the next dayje are reliant on the passage of
time sufiently long to expect that some task details would be forgotten. We
acknowledge that this loss of control means that some participants may have
experiences in the intervening time that make it more difficult to resume tasks,
but mitigate this by conducty interface conditions withieubjects.This also
reduced the number of main tasks required. Therefore, our study designed was
modified to include four main tasks (two tasks with each model).

3. Interrupted the participant in the middle of each task rathan at task
boundaries because, according to Botvinick et al. (2005), interrupting people in

the middle of their task has more negative impacts on performance.

4.2 STUDY DESIGN

In this study, our goal is to compare the different resumption aids in aemwhb
realistic cases. To be able to generalize it to the real world, we need at least two different
type of tasks (e.g., Compare and Trace) and two differ@ntr®dels (1: Easy, 2: Hard).
Therefore, the basic design would need 16 conditions (2 Tasks Mpd2ls by 4
Resumption Strategies).

The simplest design for this study would be a simple betsabject approach.

In this design, each participant would only be exposed to one combination of
Resumption aidNo Aid Audio Notes, Video ReplagndCombinel Audio Vided Task
(e.g., Compare or Trace) and Model (1. Easy, 2: Harbwever, this design is
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ineffective since it would need a large number of participants, likely 10 to 20 participants
per condition (or 160 to 320 in total). Also, each participameasured once for a short
time, which is why this design is weak compared with other approaches.

The main alternative design would be the witbubjecs design. In the fully
within-subjecs design, each participant is measured in all conditions. Mwesyould
have 16 conditionsiFor our study design, this withsubjects design is not practical.
There are two main problems. The first problem is it would create issues for recruitment
of participants since it would require many sessions for each particy\which would be
difficult for participants and they may not be able to finish all the sessions. Then we
would need to drop each participant who did not finish the study from the analysis. The
second problem with this design is we would suffer from r@oge issue which is
practice effects. Since the various task may require similar skills, the tasks that come first
would provide some practice for the tasks that come later leading to learning and
familiarity. Therefore, higher performance on the latesk$amight be affected by the
practice. Moreover, since these tasks may require similar skills, the tasks that come later
may also suffer from fatigue effects (e.g., motor fatigue, cognitive fatigue, boredom,
frustration), which are likely to lead to low#tre performance of later tasks.

Since the previous study designs present several challenges, we elected to try the
mixed design. This design combines the elements of both the betwijects design
and the withirsubjects design. It is more complicatedatwalyze, but it is simplest to
manageWe had to make many changes to finally come up with the final study design
shown in Table 1. This design is considered as mixed. Each participant performs four
conditions, but the conditions are mixed to avoid theyeaver effects. We used
counterbalancing (Latin squares) to overcome these effects. Each participant performs
two tasks with both Models 1 and 2, but the models are combined with different tasks

and different resumption aid conditions.
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Tablel

The final study design for the currenadgy.

Group | Model Task Resumption Aid | Task Resumption Aid
1 1: Easy 1: Trace A 2: Compare B
2: Hard 1: Trace C 2: Compare D
2 1: Easy 1: Trace B 2: Compare A
2: Hard 1: Trace D 2: Compare C
3 1: Easy 1: Trace C 2: Compare D
2: Hard 1: Trace A 2: Compare B
4 1: Easy | 1: Trace D 2: Compare C
2: Hard 1: Trace B 2: Compare A
5 1: Easy | 2: Compare A 1: Trace B
2: Hard | 2: Compareg C 1: Trace D
5 1: Easy | 2: Compare B 1: Trace A
2: Hard | 2: Compae D 1: Trace C
5 1: Easy | 2: Compare C 1: Trace D
2: Hard | 2: Compare A 1: Trace B
3 1: Easy | 2: Compare D 1: Trace C
2: Hard | 2: Compareg B 1: Trace A
9 2: Hard 1: Trace A 2: Compare B
1: Easy | 1: Trace C 2: Compare D
10 2: Hard 1: Trace B 2: Compare A
1. Easy 1: Trace D 2: Compare C
11 2: Hard 1: Trace C 2: Compare D
1: Easy | 1: Trace A 2: Compare B
12 2: Hard 1: Trace D 2: Compare C
1. Easy 1: Trace B 2: Compare A
13 2: Hard | 2: Compare A 1: Trace B
1. Easy | 2: Compare C 1: Trace D
14 2: Had | 2: Compareg B 1: Trace A
1: Easy | 2: Compare D 1: Trace C
15 2: Hard | 2: Compare C 1: Trace D
1. Easy | 2: Compare A 1: Trace B
16 2: Hard | 2: Compare D 1: Trace C
1: Easy | 2: Compare B 1: Trace A

IS
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Where: A= No Aid, B= Audio Notes, C= Video Replay, Bambined VideocAudio

4.3 MATERIALS

4.3.1 Training Tasks

Since participants were recruited from the general Dalhousie University
community, we could not expect that they would have the kmow of interacting with
3D models. Therefore, we included a training taskefach participant to use the Hoops
3D Part Viewer application. Therefore, in the beginning of the first session, we used a
third 3D model exclusively for training. This was a simpler model and we did not use it
for the actual study tasks (see figure 16).

In the first session, we trained our participants on how to use both applications,
so in the beginning of the first session we used a third simple 3D model, which we did
not use to perform the actual study tasks. Using this model, we showed the participant
how to use the first application which is the 3D viewer application; we explained how to
rotate, zoom in, zoom out, and move the model. Also, we trained the participants on how
to use the resumption aid prototypes. Therefore, before the participantptfdine
actual task with the assigned resumption aid interface, we showed the participant a (5
minute) video that explained how to use the assigned resumption aid interface with an
example. We then gave the participant a simple 3D task to perform and thairtime
we asked them to use the assigned resumption interface to record some details about the
task. We believe that the training and practice helped participants to understand how our

application works and how to use the 3D model. See Appendix A.
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Figurel6 3D Modelused in the study to perform trainitagsks

4.3.2 Main Tasks
Each participant will perform four main tasks for the entire study using two
different 3D models (our tasks per model). Figure 17 show the ton®dels.The

complete set of study tasksagailablein Appendix A.

Figure17 Two 3D Models used in the study to perform main tasks.
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The main tasks are divided into two type of tasks: compare tasks and trace tasks.

4.3.2.1CompareTask

In the first session, this type of task required the participants to exploreispecif
components on the 3D mod®&articipants needed to distinguish colors andchbers or
locations of each component they were asked to locate, and store some details about the
component using the assigned resumption aid interface. In the second session,
participants could review their stored details from the first session to firlewthey
stopped during last session (resumption point). At this point they were provided with a
small picture of the resumption point and they needed to explore the model (rotate, zoom
in and zoom out) until they located the resumption point, then thegead to go to
different areas of the model texplore some components similey the ones they
discovered in the first session. Also in this session, the participants were required to store
some details like colors and numbers or locations of each compdhat they
discovered. At the end of the task, we asked the participant to compare each similar
component in terms of color and number. At this stage the participant could use the
stored details from the first and second session to help them writertig@aigeon. See

Appendix A.

4.3.2.2Trace Task

In the first session, this task type required the participants to find a specific
component (a starting point), and then trace the models from a starting point to an
endpoint, which is another component on the modelléNtacing, the participants need
to distinguish colors and numbers or locations of each componentvéreyasked to
trace and store some details about the component using the assigned resumption aid
interface. In the second session, the participantkl geuiew the stored details from the
first session to find where they stopped during last session (resumption point). At this

point they were provided with a small picture of the resumption point and they needed to
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explore the model (rotate, zoom in arabm out) until they found the resumption point,
which would be considered as a new starting point for this session. From there, they had
to trace until they reached the endpoint of the second session. Also in this session, the
task required participants giore some details like colors and numbers or locations of
each components that they traced. At the end of the task, we asked the participant to
write a summary of each session, i.e. to briefly describe the steps that they took during
the two sessions. Ahis stage, the participant was allowed to use any stored details from
the first session and the second session to help them write accurate summaries. See

Appendix A.

4.3.3 Interruption Task

The interruption task involved lang-term interruption (leaving theask for one
day over which period they do many unrelated tasks). While no explicit interruption
tasks were assigned to the participant, it was expected that the participants would
perform several unrelated tasks during that interval, which would countexsuption
tasks. We did not record any details of the type of tasks that participants performed

during this interval

4.3.4 Writing Summaries Task

In the second session, each participant had to summarize the two sessions. The
summaries are different for eacypé of task. For the Trace task, participants had to
briefly summarize the steps of the tasks that they performed in each session. While for
the compare task, participants were required to write summaries comparing the two tasks

they performed in each s@ss.

4.4 STUDYPROCESS

The study required two hours divided into two sessions (an hour for each
session). In the first session, participants performed four tasks and for each task
participants were given an instruction paper of the first part of the tashcliided
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pictures of the components that they needed to search for in this session. In the middle of
each task, they were interrupted (at approximately the middle of the task), i.e. they were
instructed to stop the current task and to begin the nextThsk, in the second session

(one day later), we gave them another instruction paper for the second part of the task;
this paper included a small picture of the resumption point that they needed to locate to
resume the task as well as pictures of the comapts they needed to search for in this
session. Participants were asked to use the assigned resumption aid that they had used on
the previous dayot help them resume their taskiter participants resumed each main
task, they were required to write themsuaries. Then they answered a questionnaire
asking them how easy it was to resume their work after the interruption based on the
resumption aid they used to resume the task. After they finished the study, they
completed a positudy questionnaire that askéhem to rate the resumption strategies
and answer the spatial ability test. Finally, they took part in a shortsimmtured
interview where we collected their feedback on all tasks and resumption strategies they
used.

4.4.1 Study Procedures
The study tookwo hours and was divided into two sessions (an hour for each

session) as shown in Figure 18.

N v J\ v JLYJ\—)

Session 1 Interruption Period Resumption Lag ~ Session 2

Figurel8 Study Procedures (Sessionl, Session 2, Interrup
Period, and Resumption lag).
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4.4.1.1Task Breakdown During First Session:

Initial meeting and consent: 5 minutes
Prestudy questionnaires: 116 minutes
Perform study tasks before the intgition: ~10 minutes per task * 4 (~40

minutes)

4.4.1.2Task Breakdown During Second Session:

Resume study tasks after the interruption: ~10 minutes per task * 4 (~40 minutes)
Complete summaries task ~ 5 minutes.
Poststudy questionnaires, interview and payment1&0ninutes.
For each task, the participant used the assigned interface and resumption aid for
two purposes:

1 As aresumption aid: at the beginning of the second session, participaiseay
the aid to help them locate the resumption point.

1 As a memory @calling) aid: at the end of each task participants may need to use
the assigned aid to help them write a summary for each session.

4.5 PARTICIPANT ORDER

We counterbalanced the tasks and the strategies for resumption between all the
participants (See Table.1)
4.6 DATA COLLECTION

We used seven main data collection methods during this study: device logs, a
demographic questionnaire, spatial ability test, a-fslt questionnaire, pestudy

guestionnaire, a serstructured interview, and video recording.
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4.6.1 Browser L ogs

Each time participants performed tasks on the device, the device logged the
interactions with model (e.g., rotations and zooming). Also, the device logged their
interaction with the resumption aid tools (such as button clicks and opening and closing
windows). This logged data allowed us to capture how participants interacted with both
applications (the 3D viewer and the resumption aid interfaces) as they performed and
resumed tasks. This allowed us to see if there are differences in how users performed
these tasks for thefterent resumption strategieBhe logs captured the time of the tasks
on the device. With the logs, we can see how efficient and effective participants were
with resumingtasks after the interruptiorAll logged data were transferrddom the
device after each participant completed the study and stored on a secure server accessible

only by the researchers.

4.6.2 Demographic Questionnaire and The Spatial Ability Test

The demographic questionnaire (Appendix D) asked general demographic
guesions, such as age, department, general web use, mobile use, and the type of tasks
they do on the devices. The spatial ability (Appendix E) test helped us score the
participant on how spatial they were to see if this influenced their study performance.
The spatial mental test questionnaire is comprised of the questions chosen from
(Neuburger, Jansen, Heil, & Quaideohl, 2011; Vandenberg & Kuse, 1978his test
measures mental rotati abilities. Each stimulus was a 2D image of a 3D object drawn
by a computer. Each image was then shown at various directions rotated around the
vertical axis. We used this test to see if participants with high mental rotation scores have
better performare at resumption. We considered that high mental rotation ability may
allow a person to more quickly correlate the model orientations shown in video or

snapshots with the 3D model s current orie
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4.6.3 Post-task Questionnaires

The questions (Appendix Fgsked the participants how easy it was to resume
their tasks usingjlo Aid

The questions (Appendix G) asked the participants how easy it was to resume
their tasks usingwudio Notesesumption aid interface.

The questions (Appendix H) asked the partictpadmw easy it was to resume
their tasks usinyideo Replayesumption aid interface.

The questions (Appendix 1) asked the participants how easy it was to resume their

tasks usingcombined Audio Videmsumption aid interface.

4.6.4 Post-study Questionnaire
The questions (Appendix J) asked the participants about how they like and feel

about resuming different tasks with 3D models using different resumption strategies.

4.6.5 Post-study Interview

In a semistructured interview (Appendix K), participants were asked tathair
experiences using the different resumption strategies to resume tasks and get feedback on
improvements or other strategies they might find helpful.

4.6.6 Video Recordings

We videotaped all tasks, which conducted using a thiald protocol (we asked
our participants to talk through each task, and prompted participants to do so if they did
not). At the end of the study, the video data were transcribed by the investigators and
grouped according to resumption strategies used, and assessed in terms sk@xpres
confusion, hesitation, or frustration, envisioned sequence of steps, fluency and dexterity

when using the technique, unexpected uses/interpretations of the strategy.
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4.7 LOCATION OF THE STUDY

The study took place in the Graphics and Experiential Media (Q&b fourth
floor, Mona Campbell building.

4.8 STUDY PARTICIPANTS

We recruited a total of 32 participants (21 male, 11 female) from the Dalhousie

University community, they were between 23 years old.

4.9 RECRUITMENT

All participants were recruited by emahnouncements through Notice Digest
(notice.digest@dal.ca) and through the Computer Science mailing list (csall@dal.ca),
which is also a monitored mailing list. In the recruitment notice, participants were asked
to email their interest to participant toetHisted researcher. The participant and
researcher then communicated to find an appropriate time for the participant to do the
study. The email recruitment script is shown in Appendix B.

Participants were Dalhousie University students who currently owinuae a

touchscreen device.

4.10 INFORMED CONSENT

All participants involved in the study signed a consent form (see Appendix C).
This was administered by me, the lead researcher, at the initial meeting of the study. |
distributed it to all participants, askinigr their written consent. The consent form
outlines the purpose of my research, the risks and benefits associated with participation,
and the conditions involved. These included what they would be required to do and, the
fact that they were able to witraw from the study at any time, should they want to. As
well, the consent form made it clear to participants that they could withdraw from the

study without loss of compensation.
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4.11 COMPENSATION

Participants were compensated $20 for participating in the gtwidgther they
are able to finish or not). This was clearly outlined in the consent form.
Participants signed the Participant Payment Receipt (Appendix L) upon receipt of

their payment. Participants did not incur any expenses during the study.

4.12 ANALYSIS

After finishing the study, we started our analysis phase by transcribing all
participantsd interviews. Transcribing i ni
with what they said. Then we coded the data we got from the interviews using thematic
coding. We coded the browser logs, spatial ability test, arebumption aid
guestionnaires to explore patterns of performance and satisfaction of each strategy type.
We used a questionnaire to examine user preference of the different resumption aids.
Also, we used Igs (time) to calculate the resumption lag, which is defines the time it
takes for users to locate the resumption point when resuming a task, and the summary
time, which is defined as the time that participants took to complete writing the summary
of each &sk. We used these calculations as key measures of the efficacy of the proposed
resumption aid interfaces. We collected a measure of mental rotation ability for the
participants, then we correlated this against the task completion time and the resumption
lag as an indication of whether mental rotation ability influences performance.

Also, we recorded user interaction with the 3D model using the Bandicam Screen
Recorder. This allowed us to match the interaction data captured in logs with the video
of interadion on the screen. We used this to observe participant behaviors when we
found any interesting indicators in the log data. All video screen capture data was
transferred off the device after each participant completed the study, and this was stored
on a seure server only accessible by the researchers. We asked for consent to record

video from the participants on the consent form.
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CHAPTER 5 RESULTS

In this chapter, the results of the study are discussed. First, we labvkied
impact of the spatial abilt y on the participantsohower forn
many participants used the resumption aid for resuming and recallirgstgskrately to
explore the importance of the resumptionsaial both casesThird, we discuss how
annotatios were usedwhile performing 3D tasksand whether theyassist later
resumptionFourth we illustrate how using the resumption aids faaéisrecalling tasks
using3D modes. Fifth, we considerhow audio annotation is effective for resuming and

recalling tasksnvolving 3D models.

5.1 SPATIAL ABILITY

A measure of spatial ability (mental rotation ability) was collected to see whether
the spatial ability of participants affects task performance efficiency as well as
performance at resumption. Therefore, spatial abilisg fvas correlated against the task
resumption time. However, there were no significant correlations for resumption time:
the largest was only r = .163? (¥ .026). Moreover, the correlations between mental
rotation ability and resumption lag time just fthose cases where the aid was used
during resumption (Used Aid) was not significant r=. 0.27=(t073). We therefore do

not consider spatial ability as a factor in our analysis.

5.2 USING TASK ANNOTATIONS FORRECALLING 3D TASKSVS. RESUMING THEM

In the seond session of the study, participants had the option of using the
assigned resumption aid or not to assist them in resuming their task. We found that after
completing tasks with the three different interfacesthe 32 participants, 11 used the
resumpton aid for all three tasks, 9 used the resumption aid for 2 of 3 tasks, 6 used the
resumption aid for 1 of 3 tasks, and 6 never used the resumption aid at all. DeddA&
down the number of participants who used/did not use the tool for resumptidasky
Type, Model, and Resumption Aid.
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Table2 Numbers of prticipants using the resumption aid for resumption purposes.

Resumption Aid
Task Model [Use Aid
Audio Notes |[Video ReplaylCombined Audio Video
L Yes 2 6 4
No 6 2 4
Trace
5 Yes 4 5 6
No 4 3 2
1 Yes 4 2 5
No 4 6 3
Compare
5 Yes 7 6 6
No 1 2 2

From Table 2, we can see that within each task, there was some use and some
nortuse.Resumption aids were used most often for the Compare tasks with Model 2.

Whencompleting the summary.e. recalling their taskdpr session 1 and, 2f
the 32 participants, 25 used the resumption aid for all three tasks, 5 used the resumption
aid for 2 of 3 tasks, 1 used the resumption aid for 1 of 3 tasks, and 1 never used the
resumption aid. Tablg presents a more detailed breakdown of the numbers for each task
(Task Type by Model by Resumptioiid). Generally,there is higher use across the
board for all Resumption Aids, Task Types, and Models.
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Table3 Numbers of prticipants using the resumption aid for recalling purposes.

ResumptionAid
Task | Model | Use Aid : : : —
Audio Notes| Video Replay| Combined Audio Video
1 Yes 7 6 8
No 1 2 0
Trace
5 Yes 8 7 8
No 0 1 0
! Yes 6 8 7
No 2 0 1
Comparg
5 Yes 6 7 8
No 2 1 0

5.3 USINGANNOTATION DURING TASKS FACILITATES LATER RESUMPTION

We used the resumption lag, which is defined as the required time to resume the
suspended task, as a key measure for the efficiency of our téseenption aid
interfaces. The mean Resumption Lag in seconds is presented in Table 4 as a function of
Task, Model and Resumption Aid.

Table4 The means and standard deviasitor Resumption Lag by Task, Model
and Resumption Aid.

Means Resumption Aid
: Audio Video Combined
Task Model No Aid Notes Replay Audio Video
T 1 382.88,127.46 200.25,46.84 265.25,20.19 150.38,25.74
race
2 405.00,179.80 184.38,29.51 276.13,39.09| 264.75,55.18
1 143.25,16.92| 221.38,50.24 166.88,23.81| 200.00,44.10
Compare
2 280.88, 44.38| 253.88,31.19 299.63,64.16 272.63,34.11
Mean for Aid 303.00 214.97 251.97 221.94
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From Table 4, we can see ththe No Aid interface condition yielded longer
resumption lags for Trace tasks than the three Resumption Aid conditionsamtarst
deviations show that Trace Models 1 and 2 with Aid have the most variability
between participants. We also note that resumption lag is comparable across interface
conditions (including No Aid) for Compare tasks, with a higher average time foelMod

2. The data is presented graphically in Figure 19.

Combined Audio Video

Video Replay

Audio Notes

Resumption Aids
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Figurel9 The change ingrformance for Resumption Lag across Resumption /
Tasks and Models
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For the analysis, there were three independent variables: Resumptiofudid (
Notesvs Video Replayws Combined Audio Vidgp Task (Trace vs Compare), Model
(Model 1 vs Model 2)Table 5 summarizes the analysis.

Table5 The Analysis of Resumption Lag as a function of Task, Model and
Resumption Aid.

F df p(F)
All Effects 1.21 15,81 272
Task 1.13 1,81 291
Model 3.44 1,81 .067
Resumption Aid 1.37 3,81 .256
Task * Model 0.80 1,81 375
Task * Resumption Aid 0.75 3,81 523
Model * Resumption Aid 0.20 3,81 .896
Task * Model * Resumption Aid 0.27 3,81 .848

As we can see from Tabfe there was no effect of Resumption Aid, no effect of
Task, and there waa marginal effect of the Model. The lack of significance for
Resumption aidnay bedue tothe fact thatthe Resumption aid is divided over four
levels, whilethe Model effect is divided over only two levels.

In the second session of the study, partidgdmad the option of using the
assigned resumption aid or not to assist them in resuming their task. Therefore, it was
interesting to se#hatparticipants refeedto their annotations from the previous session
to assist them resuming their task perfornaterently from who did not uséhem
Thus, the previous analysis was repeated to include the coding of the variable of use vs
nonuse (Use Aid with yes/no). THdo Aid condition was not included in the analysis
since it did not offer a resumption aidhd means forNo Aid are included for

comparison (they are replicated from Table 4).
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Table6 The means and number of participants for Resumption Lag (in sec) as a
function of Task, Model, Use Aid, and Resumption Aid.

Task Model | Use | Any Aid | No Aid | Audio Video Combined
Aid Notes Replay Audio
Video
Trace 1 Yes 250.25 310.00 | 274.17 184.50
(12) 382.88 (2) (6) (4)
No 160.33 8) 163.67 | 238.50 116.25
(12) (6) 2 4)
2 Yes 280.73 223.75 | 292.20 309.17
(15) 405.00 (4) (5) (6)
No 176.78 (8) 145.00 | 249.33 131.50
(13) (8) 3 2
Compare 1 Yes 239.18 235.50 [ 210.50 253.60
(11) 143.25 (4) (2) (5)
No 159.62 (8) 207.25 | 152.33 110.67
(13) (4) (6) 3)
2 Yes 296.32 268.57 | 337.17 287.83
(19) 280.88 (7) (6) (6)
No 195.8 8) 151.00 | 187.00 227.00
5) ) 2 2
Means for Yes 271.49 | 303.00 | 255.12 | 292.11 266.10
Resumption Aid (57) (32) (17) (19) (22)
No 168.44 169.47 | 193.31 137.64
(39) (15) (13) (11)

Table 6 shows that those who used the resumption aids took Idhgerthose
who did not

For the analysis, there were four independent variables: ResumptioAudab (
Notesvs Video Replayws Combined Audio Vidgp Task (Trace vs Compare), Model
(Model 1 vs Model 2), and Use Aid (Yes vs No). The main effects and thevawyo

interactions were included in the model. The effects are summarized in Table 7.
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Table7 The analysis of Task, Model, Resumption Aid, and Use Aid.

F Df p(F)

All Effects 0.90 14,50 566
Task 0.04 1,50 .840
Model 1.60 1,50 212
Resumpbn aid 0.45 2,50 .639
Use Aid 4.00 1,50 .051
Task by Model 0.14 1,50 715
Task by Resumption Aid 1.08 2,50 .348
Task by Use Aid 0.07 1,50 .792
Model by Resumption Aid 0.07 2,50 .932
Model by Use Aid 0.02 1,50 .897
Resumption Aid by Use Aid 0.92 2,50 406

From Table 7, we can see that only the main effect of Use Aid is (marginally)
significant. The lack of significance for Resumption Aid is consistent with the previous
analysis which showed that these three resumption aids were not différeriack of a
main effect of Task is also consistent. The lack of an effect of Model is not sign{ficant
approached significance in the prior analysas)dthis appearsiue to the removal of the
No Aid which had a large differende lag duration beteen models in the Compare
tasks,and potentiallyto the loss of statistical strength due to the reduced sample size.
Overall the mean time for Used wa31.49(n = 86)while the mean time for Not Used
was168.44(n = 10)

To explore the importance of hag any of the developed resumption aids at
resumption, we recoded all the Resumption Aids within a single combination of Model
and Task were collapsedydio NotesVideo ReplaypndCombined Audio Videwithin

Model, Task. These were then labeled as Afig which had two level (use and did not
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use the aid)Performance for Any Aid was compared with performanceéNfmiAid The

analysis is summarized in Table 8.

Table8 The analysis of Task, Model, and Use Aid.
F Df p(F)

All Effects 1.922 11,116 0.817
Task 4.018 1,116 0.168
Model 3.508 1,116 0.047
Use Aid 1.400 2,116 0.033
Task by Model 1.154 1,116 0.239
Task by Use Aid 0.374 2,116 0.319
Model by Use Aid 0.480 2,116 0.688
Task by Model by Use Aid 1.922 2,116 0.620

For this analysis, there was no main effect of Task, but there was a main effect of
Model and a main effect of Use Aid. Overall, the Did Not Use Aid was fastest Wbile
Aid was slowest. Followuptestssi ng Post hoc t sewedthtBlo ng Fi
Aid was significantly different from Did Not Use Aid (p < .009), v Aid was not
different from Use Aid (p < .170), and Use Aid was not different from Did Not Use Aid
(p <.118). In addition, none of the interactions were significant.

5.4 USING RESUMPTION AIDS FACILITATE SREVIEWING AND SUMMARIZ ING TASKS

Each task required participants to write a sumnwryvhat they did ineach
session(i.e., pre and posesumption)and each summary required four steps (one point
was assignedor correctly completingeach step)Summaries for both sessions were
written at the end of each task (i.e., once the task was completed after resurifdion).
calculated the score of each summary depending on how many accurate steps were

recorded in the summary.
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5.4.1 Summarizing the First Session

For most participants, writing a summary for the first session was a bit
challenging since they had to recall the whole first session to write a more accurate
summary, so it is interesting to see how they completed their first summary liciaskc
Table 9 presents the means for the ssaofethe first summary by Task, Model and

Resumption Aid.

Table9 The means and standard deviation for the score of the first summary by
Task, Model and Resumption Aid.
Means Resumption Aid
. . Video Combined
Task Model No Aid Audio Notes Replay Audio Video
1 0.25,0.16 3.88,0.12 2.50,0.38 3.88,0.12
Trace
2 0.63,0.18 3.50,0.19 2.63,0.37 3.88,0.12
1 0.50,0.19 3.00,0.57 3.00,0.00 3.25,0.49
Compare
2 0.50,0.19 3.00,0.46 2.38,0.42 3.50,0.19
Mean for Resumption 0.47 3.34 263 3.63
Aid

The mearscores in Table 9 show some variation. The lowest conditioNasAid
and the highest isCombined Audio Videaesumption aid.The data is presented

graphically in Figure 20.
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Figure20 The change in score for the first summary across Resumption Aid, 1
and Models.

For the analysis afhe accuracy of the first summattye independent variables
were Task, Model and Resumption Aid. The analysis is summarized in Table 10.



Tablel0 The analysis of the score of the firstremary as a Function of Task,
Model, and ResumptionAid.

F df P(F)
All Effects 28.6 15,8 0.00
Task 2.46 1,81 0.12
Model 0.20 1,81 0.66
Resumption Aid 101 3,81 0.00
Task * Model 0.45 1,81 0.50
Task * Resumption Aid 0.08 3,81 0.97
Model * Resumption Ad 0.46 3,81 0.73
Task * Model * Resumption Aid 1.09 3,81 0.36

As we can see from Table 10, There is a significant effect of Resumption Aid.
There was no significambain effect of Taskor of Model, and no interaction effects

Since using resumption a&@dwas optional, it was interesting to séwat
participants who used the assigned resumption aidetp them summarize the first
session of their task performed differently from who did not use it. Therefore, the
previous analysis was repeated to incltite coding of the variable of use vs nase
(Use was indicated with yes/no). BecauseNbeaidcondition did not offer a resumption

aid, it was not included in this analysis. The means are presented in Table 11.
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Tablell The means for of the score of the first summary as a function of Task,
Model, Use Aid, and Resumption Aid.

Task Model Use No Aid Any Audio Video | Combined
Aid Aid Notes Replay Audio
Video
Trace 1 Yes 3.57 | 3.86(7)| 2.83(6) | 3.88(8)
0.25 (8)
No 2.33 | 4.00(1) | 1.50(2)
2 Yes 3.48 | 3.50(8) | 3.00(7) | 3.88(8)
0.62 (8)
No 0.00 0.00 (1)
Compare 1 Yes 3.43 | 3.83(6) | 3.00 (8 3.57 (7
p 0.75 (8) (6) (8) (7)
No 0.667 | 0.50 (2) 1.00 (1)
2 Yes 3.29 | 3.67(6) | 2.71(7) | 3.50(8)
0.50 (8)
No 0.67 | 1.00(2) | 0.00 (1)
Means for Yes | 0.53(32)| 3.44 | 3.7(27) | 2.89 (28)| 3.71(31)
Resumption Ald =< 110 | 1.40(5) | 0.75(4) | L.00(D)

From Table 11, we can see that those who used the resumption aids for recalling
the first session had more accurate summaries than who dids@anuaid except for
Trace, Model 1, Not Used witAudio Notesondition. Overall, the measctorefor Used
was 3.44 (n = 86) and the meseorefor Not Used was 1.10 (n = 10), with a difference
of 2.34 points.

Moreover, it was interesting to see how vkl participants did with each step of
the first summary when categorized in this wigp (Aid Did Not Use Aid, Use Aid). For
each task, the participant had the choice to use the designated resumption aid or not. To
assess the effectiveness of the aidlendummary, we coded each step of the summary
as correct, incorrect or did not attempt. The important comparison revolves around the
decision to use or not use the resumption aid that was provided. For each condition, we

considered the number of correass, the number of incorrect steps, and the number of
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Aid, and Used Resumption Aid Conditions.

steps not attempteéigure 21, shows the Box Plot for No Aid, Do not Use Resumption
B correct M Incorect [l Do not Attempt
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Figure21 The Box Plot for No Aid, Do not Use Resumption Aid, &
Used Resumption Aid Conditions.

5.4.2 Summarizing the Second Session

For most participants summizng the steps of the second session was less
challenging than summarizing the steps of the first session, since they had to recall what
they had done in the same session; however, participants who used the assigned
resumption aid to recall the first s&en also used it to recall the second session. Table
14 presents the means and the standard deviation for the score of the second summary by
Task, Model and Resumption Aid.
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Tablel2

summary by Task, Model and Resumption Aid.

The means and the standard deviation for theesafothe second

Means Resumption Aid

Task Model No Aid Audio Notes Video Combined
Replay Audio Video
1 2.63,0.26 4.00,0.00 2.88,0.12 3.88,0.12

Trace
2 2.38,0.32 3.88,0.12 2.75,0.25 3.63,0.18
1 2.63,0.26 3.38,0.42 3.00,0.00 3.38,0.26

Compare
2 2.38,0.42 3.38,0.26 2.75,0.25 3.50,0.19
Mean for Aid 2.50 3.66 2.84 3.59

The means from Table 14how not much variation between conditions.

However, theNo Aid condition still the lowest and the Igst is Audio conditionThe

data is presented graphically in Figure 22.

64




Combined Audio Video

Video Replay

Audio Notes

Resumption Aids

No Aid

o
o
=]
=]
tn
=]
=
8

B Compare Model 2 i Compare Model 1

1.50

g
8
h
w
=}

Summary Score

M Trace Model 2

w
=
o
w
[%a)
[=]

M Trace Model 1

=
8

Figure22 The change in score for the secauihmary across Resumption Aid,

Tasks and Models.

The aralysis is summarized in Table.15
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Tablel3 The Analysis of the score of the second summary as a Function of Task,
Model, and ResumptionAid.

F df p(F)
All Effects 6.37 15,81 0.00
Task 2.70 1,81 0.10
Model 1.29 1,81 0.26
Resumption Aid 21.2 3,81 0.00
Task * Model 0.14 1,81 0.71
Task *Resumption Aid 0.18 3,81 0.91
Model * Resumption Aid 0.14 3,81 0.94
Task * Model * Resumption Aid 0.14 3,81 0.94

As we can see from Table 1%here is a significant effect of Resumption Aid.
There was no main effect of Task, and no effect of ResumptidnThe No Aid and
Video Replaygonditions aidshow lower scores than the two audio notes conditieos
the No Aid condition, this difference was simply due to the fact that participants were
unable to complete trmimmaryin this condition as well ahose who used a resumption
adsince it was hard for them to recall ste
those from the first sessioRor Video Replaythe difference may be because participants
did not use one of the main features of ititerface Fingers Tap} to highlight salient
details on the model, making it difficult to recall task details from the video. Also, video
information alone might not be helpful, but the video plus audio combination allows one
to focus on the audio streaand thero consider the video information as needed.

Since using resumption aids was optional, it was interesting to see how
participants who used the assigned resumption aid to assist them summarize the second
session of their task performed diffedgnrom who did not usehe aid Therefore, the

previous analysis was repeated to include the coding of the variable of use-wsenon
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(Use Aid was indicated with yes/no). Because Mw Aid condition did not offer a

resumption aid, it was not includedtims analysis. Té means is presented in Table 16

Tablel4 The means for of the score of the second summary as a function of Task,
Model, Resumption Aid, and Use Aid.

Task Model Use Aid No Aid Audio Video | Combined
Notes Replay Audio
Video
Trace 1 Yes 4.000 (7) | 2.833 (6) | 3.875(8)
2.625 (8)
No 4.000 (1) | 3.000 (2)
2 Yes 3.875 (8) | 3.000 (7) |3.625(8)
2.375 (8)
No 1.000 (1)
Compare 1 Yes 4.000 (6) | 3.000 (8) |3.428 (7)
2.625 (8)
No 1.500 (2) 3.000 (1)
2 Yes 3.667 (6) | 2.714 (7) | 3.500 (8)
2.375 (8)
No 2.500 (2) | 3.000 (1)
Means for Resumptiof  Yes 2.500 (32)| 2.889 (27)| 2.893 (28)| 3.613 (31)
Aid No 2.400 (5) | 2.500 (4) | 3.000 (1)

From Table &, we can see thdhe difference in scores was not as wide when

summarimng the second sessitiman when summarizing the first session, as expected.

5.5 AUDIO ANNOTATIONS ARE MOREEFFECTIVE THAN VIDEO ONLY

We compared Resumption Aids wusing Fishe
we found that there was a significant differeetweenNo Aidand Audio Notegp =
.034),a marginally significant difference betwebBlo AidandCombined Audio Vide(p
=.051),but no difference betwedvio AidandVideo Replayp =.217),

Al so, we compared Resumpt i onscofeiofltse usi n¢
first summary, and we found there was a significant difference bete&idandboth
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Audio Notes and Combined Audio Videoat thep < .001 level. We also found a
significant differencdetweenvideo Replayandboth Combined Audio Vide@andAudio
Notesat the p<.001 level. There was no difference betwderAid andVideo Replay,
both yielding lower average scores than the audio annotation technigoaky, we
foundno difference betweefiudio NotesandCombined Audio Videfm = .096).

Despte average scores being closer across annotation conditions for the second
summary, we find similar differences here also. Agaisi ng Fi sMmeéunds L SD
there was a significant difference betwéém Aidandthe audio annotation conditions at
the p<.0Q level, and betweeXideo Replayand the audio annotation conditions at the
p<.001 level. There was no difference betwdienAid andVideo Replayboth yielding
lower average scores than the audio annotation techniginese was no difference
betweenAudo NotesandCombined Audio Videfp = 0.67)

5.6 EASE oFUSE ANDEFFECTIVENESS

During thestudy, participants answered questionnaires for each resumption aid.
While some questions were specific to the resumption aid they had just used, we
consider three compative questions in this section.

One comparative question wdeverall, this resumption aid interface was
usefulo . R e s ud Ariedman test mnalysis indicated that there wasaastically
significant difference across condition® (3) = 12.567, p< .002. Further followup
planned tests using Pdsbc analysis with Wilcoxon signe@dnk testwere conducted
indicatingthat Combined Audio Videwas different to botiAudio (p =.046) andvideo
Replay(p < .001), and thaAudio Notesdiffered from Video Replay(p = .043) The
means werd.469,4.219,and3.688 forCombined Audio Vide®&udio NotesandVideo
Replay respectivelyFigure 23 visually presents the responses of this questigkuftio
Notes, Video ReplagndCombined Audio Vide@sumption &l questionnaires.
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OVERALL, THIS RESUMPTION INTERFACE

Combined Audio-Video Resumption Aid 2 13 _
Video Replay Resumption Aid |1 6 3 14 -
Audio Note Resumption Aid |1 2 18 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly Disagree Somewhat Disagree Neutral SomewhatAgree M Strongly Agree

Figure23 Responses for Audio Notes, Video Replay, and Combine
Audio Video Resumption Aid questionnaires.

The second similar questonwasOv er al |, this resumption
t o uResuldls from a Friedman test analysis indicated that there was a statistically
significant di fference 3apc< .033.sFurtheo foltbwapt i on s
planned tests using Pdsbc analysis with Wilcoxon signe@dnk test were conducted,
indicating thatvVideo Repayresumption Aid differed fron€ombined Audio Videp <
.010). Again,Video ReplayResumption Aid was lower thathe rest. The means were
4.438, 4.250 and 3.875 and 4.438 @ombined Audio VidedAudio NotesandVideo
Replay respectivelyFigure 24visually presents the responses of this questioAdiolio
Notes, Video ReplagndCombined Audio Videsumption &l questionnaires.
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OVERALL, THIS RESUMPTION INTERFACE
WAS EASY TO USE

Combined Audio-Video Resumption Aid 4 10

Video Replay Resumption Aid @ 4 2 16

Audio Note Resumption Aid |2 3 10

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

Strongly Disagree Somewhat Disagree Neutral SomewhatAgree M Strongly Agree

Figure24 Responses for Audio Notes, Video Raepland Combined
Audio Video Resumption Aid questionnaires.

The third similar questionwas Ov er al | , it wlasgeswenption ci ent

ai d i ntResuftsafom A Friedman test analysis indicated that there was a
statistcally significant differenceacross condition&?® (3) = 8.771, p < .012. Further
follow-up planned tests using Pdgic analysis with Wilcoxon signednk test was
conductedindicatingthat theAudio NotedResumption Aid was differeritom theVideo
ReplayResumption Aid (p < .033nd theVideo ReplayrResumption Aid differed from
Combined Audio Videfp < .004). AgainVideo Replayresumption Aid was lower than

the rest. The means we#e438, 4.188 and 3.719 f@&@ombined Audio Videdjudio

Notes andVideo Replayrespectively Figure 25 visually presgs the responses of this
guestion forAudio Notes, Video Replaynd Combined Audio Videoesumption aid

guestionnaires.
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OVERALL, IT WAS EFFICIENT TO USE THIS
RESUMPTION AID INTERFACE

Combined Audio-Video Resumption Aid 3 12 17
Video Replay Resumption Aid 2 4 2 17 7

Audio Note Resumption Aid 2 3 17 11

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly Disagree Somewhat Disagree Neutral Somewhat Agree Strongly Agree

Figure25 Responsefor Audio Notes, Video Replay, and Combd Audio
Video Resumption Aid gestionnaires

Generally, the participants liked th&udio NotesResumption Aid and the
Combined Audio VideResumption Aid, buthiey had less favorable impressions of the
Video ReplayrResumption AidParticipants preferreBombined Audio VideoverAudio
Notesfor usefulnesshut ranked both similarly for ease of use and efficiency.

In the end of the second sessiparticipants aswered eight questions apost
study questionnaire (see appendix J).

One set of Likert scale questions asked for agreement on the staf@rhent
resumption aid provided enough details to recall where | was in the model before
the interruption o for each esumption interface conditiofResults froma Friedman test
analysis indicated that there wastatistically significantlifferenceacross conditions?
(3) = 38.138, p < .0D Further followon planned tests using Pg&ic analysis with
Wilcoxon signeerank test was conductedhdicatingthat No Aid differed from Audio
Notes(p < .0005), andNo Aiddiffered fromCombined Audio Vide(p < .0005).Audio
Notesdiffered from Combined Audio Vide@p <. 012).Video Replaydiffered from
Combined Audio Vide¢p <. 004).The means were 4.56, 4.00, 3.97 and 2.63Nor
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Combined Audio VidedAudio NotesVideo Replayand No Aid respectively Figure 26
visually presents the dat&ombined Audio Videwas preferred over the other interfaces

for recalling the resumption point on the 3D model.

THE RESUMPTION AID PROVIDED ENOUGH
DETAILS TO RECALL WHERE | WAS IN THE
MODEL BEFORE THE INTERRUPTION

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
No Aid 8 7 8 7 2
Audio Notes Resumption Aid |8 2 4 14 11
Video Repkay Resumption Aid @8 2 3 17 2l

Combined Audio Video Resumption Aid 4 3 5 23

Strongly Disagree Somewhat Disagree Neutral Somewhat Agree Strongly Agree

Figure26 Responses for No Aid, Audidotes, Video Replay, and
Combined Audio Video Resumption Aid Questionnaires

another set of Likerscale questions asked for agreement on the statéimient w a s

satisfied with the amount oftime | took to complete the primary taskwhen | used
t he r es u mfoteaah nesumptiohdnterface conditidResult from aFriedman
test analysis indicated that there was a statistically signifieaii8) = 27.368, p <
.00005. Further followon plamed tests using Pekbc analysis with Wilcoxon sigd

rank test was conducted, indicatiNng Aiddiffered fromAudio Notegp < .001), andNo

Aid differed fromCombined Audio Videf < .0009. TheVideo Replayresumption Aid
differed fromCombined Audi®/ideoResumption Aid (p <. 001'he meas were 4.75,
4.03, 3.72 and 2.8ibr No Combined Audio Videdudio NotesVideo Replayand No

Aid respectively. Figure 27 visually presents the ddexre again we see th@ombined
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Audio Videowas preferred in tems of task duration, although not significantly more so
thanAudio Notes

| WAS SATISFIED WITH THE AMOUNT OF
TIME | TOOKTO COMPLETE THE PRIMARY
TASKS WHEN | USED THE RESUMPTION
AID

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

o s

Audio Notes Resumption Aid I | 3 15 11
Video Repkay Resumption Aid I 5 3 16 7
Combined Audio Video Resumption Aid I 2 10 19
W Strongly Disagree Somewhat Disagree Neutral Somewhat Agree Strongly Agree

Figure27 Responses for No Aid, Audio Notes, Video Replay, anc
Combined Audio Video Resumption Aid

Generally, participants had a positive impression of the three resumption aids;
however, they liked théudio NotesResumption Aid and th€ombined Audio Video
Resumption Aid more than th¥ideo ReplayrResumption Aid.
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CHAPTER 6 DISCUSSION

Our study investigated resumption aids for assisting in task resumption with 3D
models. We developed three kinds of aid interfaces for boosting effective task
resumption andecall based on 3D models after a long term of interruptsaier &
Murphy (2007)andJoyita & Rozenberg (n.dfound thatvisual recollection is a helpful
tool that assists developets recall their task context and probably improves their
performance. Similarly, we found that providing users with resumption aids which
visually present the pasagk events promagerecall of 3D tasks, leading to lower
resumption time and better recall for past activjtieswever this visual presentation
needed to be combined with a useful audio annotatismg the resumption aid at the
time of resumption appeatess necessary than having used the aid prior to resumption.
Using the aid was more useful for recalling of tasks conducted in earlier sessions.

The most important result is that these three developed resumption aids are more
helpful for recalling impdant details about specific tasks than resuming interrupted
tasksbased on 3D model&esults indicate that the number of participants who used the
aids for recalling purposes was greater ttteosewho used it for resumption purposes
since recalling deils aboutspecific 3D objects from eithdhe current orprevious
session was more challenging for the participants than finding the resumptioriopoint
that task. That is, they were not able to recall all the steps for the two sessions, especially
the first session since it was from the previous day and they may have forgotten some
details about the task. Therefore, participants had to use the resumption aid to recall
details about the task to write accurate task summaries.

It was optional to use the a@dduring resumption, and there are a number of
possible reasons why participants chose not to use them. First, like aircraft mechanics
who typically view 3D models on desktops or laptops alongside textual instructions
(either on screen or on paper), we \pded participants with written instructions
alongside pictures of the relevant components. For some patrticipants, this was sufficient

to resume the task. 20 participants indicated that the provided instructions and picture
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were helpful for resumption. Ferx a mp | e , |vergrhuchsreiedan tliie guidelines
given to complete the task because the last point from last session was given, then |
resumed my task from thére Second, by observing the v
interactions, we noticed thattlrough each participant had a training session which
provided them with an understanding of how each resumption aid works as a resumption
tool, some of them did not realize the features that each resumption interface offered.
However, as each task requireriting two summaries and to complete these summaries
correctly, most participants had to use the assigned resumption aid to help them write
those summaries correctly. At this point, some of them started to realize the importance
of using the resumptioaid, and then used them in resuming the next datiiis lack of
awareness regarding the aidsdé6 utility may
duration of the interruption (one day), while sufficiently long to require some effort in
recall, ikey had varying i mpact on r eclallhdvetacr oss
resume that task after one week | may f i no
definitely need a resumption aid. o
Generally, participants liked the resumption saidResults from the secondary

analysis indicate that participants had a positive impression of the resumption aids even
if they did not use them during resumption.

Trafton et al., (2003did an experiment investigating the efficiency of using
some rehearsal tools in assisting task resumption. They found that resumption lag was
longer in theNo Cue condition. Similarly, when we consider the distribution of
resumption lag durations for each restimp aid condition, we found that the
resumption lag in th&lo Aid condition was the longest of the three conditidrs. the
other conditions, we found thAudio Notedhad the shortest resumption lag (though not
much shorter thawideo Replaypr CombinedAudio Vide9.

No Aidwas the longest resumption lag because participants tended to take a long

time to find their stop point from the prior session without a resumption aid. All
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participants indicated that resuming 3D tasks without any cue is challesigicg it
takes time and effort to locate the resumption point.

Our results show that the task where the participants needed the aids most is the
Compare task performed with Model 2. With tAeidio Notesresumption aid, 7
participants used the aid whilest 1 did not. For both théideo Replayand Combined
Audio VideoResumption Aids, 6 participants used the aid while 2 did not. This was due
two reasons. First, the model has many similar and complex compartments with similar
components inside them; thesed, most participants could not find the resumption point
easily. Second, the resumption point was a component which was in inside a
compartment, making it hard to find without knowing the compartment number. P5 said
filf the components you had given wkreated somewhereutside of the model it would
be much easier to identify them. However, if the components are complicated and are
located somewhere inside some others compartments, it would be hard to identify them
t o r es u meMotebver, fdr @tkrée.reSumption aid conditions, the Compare task
with Model 2 has the longer mean resumption lag compared to other tasks. The Compare
task with Model 1 had a shorter resumption lag, which may be because the resumption
point of this task is on the surfacéthe model so it was easy to find. Four participants
who resumed this task witNo Aid declared that this task was simple and finding the
resumption point was not too complicated so it was easy to locate it and then resume the
task.

We found that thergvas a big difference in resumption lag foombined Audio
Videotrace model 1 vs. trace model 2; this can be attributed to both the complexity of
the model and the location of resumption point.

In our findings, the standard deviations for Trace task WathAid are very large,
that is, there were three participants that had a long resumption lag: (P2, 1140 sec, trace,
model 1, task 2), (P21, 710, trace, model 1, task 3), (P6, 1620 sec, trace, model 2, task 3).
In contrast, there were another three who hathat resumption lag: (P32, 111 secs,
trace, model 1, task 4), (P17, 80 secs, trace, model 2, task 1), (P18, 116 secs, trace,
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model 2, task 1). From interviews with the participants who had longer resumption lags,
it was very hard for them to resume tlask with any aid. Also, for the recorded video
interaction, we noticed that these participants had a very hard time rotating, moving,
zooming in, and zooming out the models until they found the resumption point for their
tasks. For the three who had shoresumption lags, they stated that the task was very
easy t o r es umestdepeiddd®dn myanerdorytarndantybefbecause it was the
first task | did yesterday maybe the memory was rather clear for that companentP 3 2
s ai d | rerhemberedithathe component was on the bottom of the model, so | think
the placement of the component | was looking for was very helpful. So, once | looked to
the provided picture | remembered the location ofdbmponent. Also, the shape was
simple sinceitwasnotael | y connected to any other comp

Therefore, we can say that resuming tasks with complex 3D models is a
complicated process that might require additional tools to facilitate resumption. Also, the
location and the@hysical characteristiasf the resmption point play an important role
task resumption involving 3D modelgVeatherford (1985) indicated that navigation
through 3D objects becomdarder with the size and complexity of those objelts.
accordance withthis we believe that ithe task béng interruptedinvolves complex,
detailed, and largecale models, resumption will requim®re time and cognitive effort
to recall the resumption point. As a result, resumptios &ould beusefulin sucha
caseMore research is required to better urstiend the characteristics of 3D models that
make resumption more difficult.

The Audio Notesresumption aid has the shortest average resumption lag. 29
participants indicated that they like this aid since it offers good features: it is helpful,
precise, ad importantly, quick to use, saving time when they used it during resumption.
Moreover, it allows the user to record many important points separately so that when
they resume they do not have to go through all notes; they can just pick whatever notes
theyt hi nk are hel pful f blikeittwasesphit up tA note®sodidong t o
not have to listen to whole notes, so | just need to select which note would be helpful for
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me 0 Al so, P Bliked the natéseTthey galveante th@ main pairgasy, quick,

and faster way However, 7 participants pointed that to have a strong advantage from
using this aid, users must properly use it to get a clear audio description with a specific
screenshot of the component they are descrifirg).0 s ltthank thislondiof the best if

not the best. It is very useful to have the entire timeline and then just the check points for
you to add stuff, it is kind of chronological way of thinking. If you know that what you
need to find is in the end to just jumpdatry to find it. And if the screen shot was taken
probably in good angle it helps to find where | was that in the model when | took the
screen shots .

Previouswork indicated that visual recollection is a helpful tool that assists
developers to recall #ir task context angerhapsmprove their performanc@loyita &
Rozenberg, n.d.)In the context of 3Dnteraction,however,just replayng a visual
presention Yideo Replay did not seem to be helpful for locaty resumption points.

With the Video Replayesumjpion aid, participants could just review the last section of
their video interactionHowever reviewing video sectiaof 3D objects without audio
descriptiors was not helpful especially if these objects were zoomeshite capturing

the video. These obgts were likely somewhere inside the model where participants
could not locate them without knowing some information about the part of the model
where these objects were. Thosy participants oftetmad to reviewlarger sections of
videoto get a sensefavhat was going on and how theeacled the resumption point,
which requirednoretime to resune the tasklf the video replay were integrated with the
model viewer software itself, indicators of model position could be provided alongside
the video to am®rate this issue.

Interestingly, the results indicated that those who used the resumption aids during
resumption took longer to resume the task than who did not use them at resumption. This
may be because the resumption lag includes the time thatigemt& took to open the
replay window of the assigned resumption aid and review their stored details. During

resumption, they sometimes moved back and forth between the resumption aid tool and
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the 3D viewer application to find their resumption point. Mee¥pas urdmiliarity with

a specificmodel and dack of experience with 3D model viewer softwaregeneral are
contributing factors to navigation difficultieRuddle, Payne, & Jones (1998)e
believe that unfamiliarity with both resumption aid interfaces and the 3D viewer
application may have slowed participant performance. However, those who used the
resumption aid in the first session during their task resumedask thdastest (for all
resumptio aid conditions), which indicates that the act of annotating key moments in
their task was helpful for resumption even if the annotations were not referenced during
resumptionln the context of interacting with 3D modehsJul andFurnas (1997%tated
navigating ® objects can be difficultpeople get lostduring their navigation and
sometimesthey do not even knowwhat the objects ardyut they can still use the
annotation to helphem get backo where they left off.

Although participants who used the aids for resumption purposes took longer to
resume tasks thathosewho did not use them, this does not mean that the aids are not
effedive resumption tools. As the results for the aids questionnaires indicate, the
participants teneldto havea positive impression of the a@ven if they did not use them
during resumption. Performance with the resumption aidsaisaymprove over time.

Results for evaluating the aid as nr e
indicate that the number of participants who used the resumption aid for recalling was
greater than those who used them for resumption. That is, they were not able to recall all
the steps for the two sessions, particularly the first session because it was from the last
day, so for them to write accurate summaries they had to use the resumption aid to reveal
more details about the task.

Participants who used the resumption aids m&@ory aid to help them write the
summary for each task took a long time in all conditions; however, their summaries were
more accurate than who did not use the resumption aids. They took longer to write the
summaries because they kept the replay windothefissigned resumption aid open for

the duration and they went through their stored details from the beginning to the end. For
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example, if the resumption aid wAsidio Notesthey had to review the notes from the
first until the last. If the assigned temption aid was th&/ideo Replaythey had to
watch the whole video to recall what they were doing with the task. Fdtal#edcases,
participants took a short time to write the summaries because they were unable to
complete the task summaries as wellhase with a resumption aid.

Kalnikait et al. (2007) found that taking higfuality notes boosted human
memory. Similarly, our results indicate that thadio Notesand theCombined Audio
Videoaid were more effective tools for recalling tasks tNaheo Replay These results
are consistent with the questionnaire results which show that participants likéaldiloe
Notesresumption aid and theombined Audio Videsesumption aids, but they had less
favorable impressions of thédeo Replayesumption aidThis was due to the limitation
of theVideo Replayesumption aid we mentioned before in the result section. Moreover,
having an interactive timeline with bookmarks of audio notes may help participants to
realize the chronology of the task steps then rdbaim properly. These results are
supported by Scott et al. (2006) who stated that having a timeline with bookmarks of
system events is an effective tool to help people recall the past events of their task.

Results show that the most helpful aid integfdor resuming the Trace tasks is
the Combined Audio Videaid, for which it has the lower mean resumption lag in most
cases. For Compare taskxmbined Audio Videstill has the lower mean but this is due
to 3 participants not using it for resumption. iShs definitely consistent with
participantsd® opi ni oCQombinadhArdio Videesungtioreald t h e m
interface more helpful for tracing or comparing tasks? 29 participants indicated that this
interface was helpful for both tasks (comparing &macing). Since this interface has the
video divided into notes, participants could either review specific notes or watch the
whole video if they needed to.

For Compare tasks with Model Yideo Replayseems to be the most helpful
resumption aid. This i®ecause the resumption point of this task was located on the

surface of the model. That is why just reviewing the video was enough for the
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participants to find the resumption point and then resume the task. However, for
Compare task with model 2 thhudio NotesAid seems to be more helpful. This task
required more details to resume ahaddio Notesallowed participants to capture precise
details about components.

Therefore, we can say that for both Compare and Trace tasks with a dificult
locate resumpdin point, participants more often used the resumption aid to access
detailed information in order to help them find the resumption point. Depending on
annotation behavior, such details were more readily available i€dhgbined Audio
VideoandAudioaids.However, for tasks with a resumption point that is easier to locate,
reviewing the video stream alone could be sufficient to find the resumption point.
Indeed, results from secondary analysis showed Vidgo Replayand Audio Notes
resumption aids werebaut equal in terms of provide enough details to recall the
resumption point.

Finally, we measured the mental rotation ability of our participants because we
thought that mental rotation ability may make it easier to compare the current model
orientation vith the orientation shown in screenshots or video. However, we did not find
any correlation between the spatial ability and the performance of the participants at
resumption to complete the task, implying that mental rotation ability had very little to

dowith performance.

6.1 LIMITATIONS

This study had some limitations. First, the duration of interruption was not
extended enough for most participants to completely forget the task in the first session
including where they stopped in the last session. Havlogger interruption time might
provide more interesting results for using the resumption aid interfaces for resumption
purposes.

The design of the three resumption aid interfaces does not allow participants to

cancel recordings of specific details (e.gadesired video or audio note that includes
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unclear or unspecific details). Also, it does not offer a feature to remove data about the

past sessions that are no longer needed.

We did not consider the case where a 3D model viewer allows the user thesstege

of the modebetween sessions. In such casdesare is little to no effort required to locate

the resumption point (it is visible by default); we imagine this would lead tdréepsent

use of resumption aid interfaces during resumptiontfaimotating task steps would

still be hel pful in Apicking up where one
The Video Replayesumption aid recorded silent video annotations, but included

a feature that showed all touch interactions overlaid on theersarapture. It was

intended that participants use this to foc

relevance to the task on the 3D model. There were several issues with this design. First,

participants did not consistently use this feature, @mdfact it was generally

underutilized in the study despite being part of the interface training. It may be that

participants viewed doing this as tedious or simply not beneficial. Second, the screen

capture video did not visually distinguish touch intécac for 3D object manipulation

and double taps, perhaps making it difficult to notice when items were being called out

as relevant. Finally, due to issues with the frame rate of the captured video, some double

tap interactions were not evident on the videhen replayed, either showing up as a

single tap or not at all. We believe all of these factors affected how the resumption aid

was used and how it was assessed by participants. We still feel that using visual cues to

call out relevant details on a 3D d& would be beneficial for resumption, especially

when the cues are visually conspicuous and used in combination with audio description.

6.2 FUTUREWORK

Based on our experience of implementing the three resumption aid interfaces and
evaluating them in a labatory study, we identified a number of potential enhancements
to these resumption aid interfaces. We identify two key enhancements here. First, the

ability to cancel recordings, delete selected annotations, and organize kept annotations
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would offer users mre control in how they create and use annotations. Second, the
resumption aid could be integrated into the 3D viewer to facilitate resumption and
recalling task with 3D models; for example, when the users click on a specific note to
review this might reaent the 3D model or highlight the object(s) related to that note.

To further explore resumption aids for tasks involving 3D models, we
recommend varying the duration of the interruption and the complexity and nature of the
tasks. Finally, a contextual awation of the resumption aids with aircraft mechanics (or
in another suitable domain) would generate important insights as to how our findings
translate into practice in the workplace.
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CHAPER 7 CONCLUSION

Interruptions are an unavoidale par t of every usero6s

productivity depends on timely task resumj

task resumption ability is compromised by disturbing environments and human cognitive
limitations. This thesis presentedrébk resumption aid interfaceudio Notes, Video
Replay, Combined Audio Videdhat help users recover the context of their- pre
interruption work by displaying different data concerning the task up until the point of
interruption. Each of these resumptiaitls provides various features of capturing the
state of the work at certain time for later recall. They are: screenshot with audie, video
only, and audievideo. We conducted a user study to evaluate the four resumption
conditions (one for each interfaead a control condition with no resumption ai@ur
participants used the assigned resumption aid to record the state of their work as they
performed each task. We interrupted their work and then asked them to resume it in the

second session. In the sedmession, the resumption aids were used for two purposes: at

\W

the beginning to help find the resumption

steps for writing a task summary.

Our results show that these resumption aids promote recovery fromujititen
for task based on 3D models. Providing a resumption aid to record the progress or state
of the work in the first session reduced the resumption lag if the participants did not use
the assigned resumption aid. If they did use the resumption aicksheption lag was
comparable to the control conditiomd Aid due to the time participants spent
interacting with both (the assigned resumption aid and the 3D viewer application).
During resumption, they sometimes moved back and forth between the tesuaig
tool and the 3D viewer application to find their resumption point. For recalling task steps
at the end of the second session, performance in terms of both time and accuracy was
highest when the resumption aid was used. Participants pre@sredned Audio Video
and Audio Notesresumption aids to th¥ideo Replayresumption aid. The time was

highest for the same reason we stated for resumption (interaction time with the
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applications). For the two task types (Compare and Trace), the results shatwetién

the resumption point was hard to find the participants tended to use the resumption aid to
recall detailed information to assist them to locate the resumption Goimtbined Audio
VideoandAudio Notegesumption aids were more helpful thdideoReplay however,

when the resumption point was easy to find, replaying the video alone may be enough to
locate the resumption point.

Our findings are consistent with the memory for goal theory (Altman and
Trafton, 2002), which emphasizes that supporéintivation of the interrupted goal and
encoding cues before the onset of the interruption will assist later resunibimover,
our findings suggest that witlasks involving complex3D models using audio
annotatios to describe 3D objects during thelkaand before the interrupti@mcourage
faster resumptiorReferring to those audio annotations along with their associated visual
presentation improverecall of specific details about those 3D objects that are relevant
to the task.
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APPENDIX A STUDY TASKS

TRANINING TASKS

First Training Task (Audio Notes resumption aid)

1. Find the component (A) shown in the figure below.

2. On the leftof (A) there is a group of grey pipe count how many grey pipe in this

group. When you at last grey pipe describe it and its connected components.

The component A

The grey pipe
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Second Training Task (Video Replay resumption aid)

For side #1 and side #3 of the modeldfthe component (A) and the orange boat

(B) shown in the figure below, and count each of them.

} NS The orange boat (B)
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Third Training Task (Combined Audio Video Resumption Aid)

Go on the surface of the model and find and count each of the following
components e the figure below):
1. The grey cylinder (A).
2. Component (B).
3. Component (C).

The grey cylinder (A) Component (B). Component (C)
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MAIN TASKS

Compare Task (First Session)Model 1

The Compartments of the Model

End of compartment #1

Front of compartment #2 End of compartment #2

1. Go near the end of compartment #2, and find the small square purple box (A) (see
Figure 1), then do the following:

2. Find each component behind the olive panel (B) shown in figure 2

3. Follow the connected components until you reach the brown panel (C) shown in
figure 3; verbally describe it and to describe how it is connected to the following
component (from all angles tiie diagram). Take an audio note when you reach to

each component to record you finding.
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The purple box (A) .

The olive panel (B) I |

/

The purple box (A) A
The olive panel (B)

Figure 2 Figure 3

4. Find and count all the blue rods (D) that are found between the long green panel (F)
and the long pink panel (E) (see figure 4), record an audio notectydr your

finding.

The long pink panel (E)
The blue rod (D)

The long green panel (F)

Figure 4
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Compare Task (Second SessionModel 1

1. Go near the end of compartment #2, and find the components shown in Figure 5
(where you stopped during the last session).

2. Go near the end of compartment #1, and find the small square poxp(€&) shown
in figure 6, then do the following:

3. Find each component behind the olive panel (H) shown in Figure 7 and follow the
connected components until you reach the brown panel (I) shown in figure 8;
verbally describe it and to describe how it @ected to the following component
(from all angles of the diagram). Take an audio note when you reach to each
component to record you finding.

| The long pink panel (E)

The blue rod (D)
[Tt el )

Figure 5

B e [ T
T f”_:l =il S— (LR % :_ ‘
: =

Figure 6

The purple box (G)

The brown panel (I)

The olive panel (H)

Figure 8
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4. Find and count all the blue rods (J) that are found between the long blue panel (L)
and the long green panef)((see figure 9). record an audio note to record your

| The long pink panel (L)

The blue rod (D)
| The long green panel (K) L‘

finding.

5. Fill the following table for each component you found in Session #1 and Session #2 to see if

there any difference between the components in both sesssions.

Session 1 Session 2
The TheColor The The Name The Color The Number
Name Number
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Trace Task (First Session)Model 1

Go the end of compartment #1, and find the light green panel(A) that is attached
to the large yellow wheel (B) (see figure 1). Thertlfollowing:

1. Trace along the light green panel (A) until you get to its end (see figure 2). Take an
audio note when you reach to each component.

2. Find the grey rod (C), and trace the dark grey panel (D) attached to the grey rod (C)
(see figure 2) until gu get to the lighter grey panel (E) (see figure 3). Take an audio
note when you reach to these components.

3. In the center of the grey panel (E) there is a red component (F) (see figure 3). Take
an audio notgvhen you reach to this component.

The vellow wheel(B) The end of the
light green panel

(a)

The grey rod (C)

The light green panel (A)

I

The dark grey
panel (D)

Figure |

Figure 2
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4. Findthe yellow wire (G) connected to the red component (F) (see figure 3). Take an

audio note when you reach to these components.

The grey panel (E)
The red component (F) -

The yellow wire (G)

Figure 3
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Trace Task (Second SessionModel 1

1. Refind the yellow wire (G) shown in figure 4 (where you stopped durgglast

session).

The yellow wire (G)

Figure 4

2. Assume that it is connected to the small yellow cylinder (H) on the compartment #2
(see figure 5). Take an audio note when you reach to this component.

3. Trace the pink panel (I) until you get to its end (see figure 6). Take an audio not
when you reach to this component. Then find the light brown box (J) that is located
near the end of pink panel (I) (see figure 6). Take an audio note when you reach to

these components.

(N1 2

The yellow cylinder (H)

The pink panel (I)

Figure 5
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4. Trace all components that start from the brown box(K) (see figuem® continue
until the grey cylinder (L), then find the end of the blue component (M) attached to
the grey cylinder (L) (see figure 7). Take an audio note when you reach to these
components.

The grey cylinder (L)

The blue component (M) |

The end of the
pink panel (I)

Figure 7

5. Summarize the steps of the task you performed in the firsioses
1.

2.

3.

4.

6. Summarizehe steps of the task you performed in the second session.
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Compare Task (First Session)Model 2

The Compartments of the Model

1. Go to compartment #1, and find the grey box with its components (see figure 1).
Then do the following:

2. Verbally describe how these components connect to the grey bokoanthey
are connected to each other as well. When you reach to each component take an
audio note for your finding.

3. Find and count the number of the greenews attach the grey box. Take an
audio rote for your finding.

4. Find the endpoints of the blue cables that are attached to the two fasteners on the

right side of the grey box. Take an audio note for your finding at each point.
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Figure 1

The grey box and its
components
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Compare Task (Second SessionModel 2

1. Refind the endpoints of the cables that are attached to the two fasteners on the right

side of the grey box (where you stopped during the last session). See figure 2

The grey box and its
components

Figure 2

2. Go to compartment #3 and find the grey box with its components shown in figure 3.
3. Verbally cescribe these components connect to the grey boxhamdhey are
connected to each other as well. When you reach to each component take an audio
note for your finding.
4. Find and count the number sérews that attach the grey box to its glaase. Take
an audio note for your finding.

The grey box and its
components

Figure 3

10t



5. Fill the following table for each component you found in Session #1 and Session #2

to see if there any difference between the components in both locations.

Session 1 Session 2

The Name | The Color The Number| The Nane The Color The Number
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Trace Task (First Session)Model 2

1. Go to compartment #3, and find the grey fastener (A) that is connected to the pink
pipe (B), then trace the pink pipe (B) until you get to théoyetylinder (C). See

figure 1. Take an audio note for your finding when you reach each component.

The grey fastener (A)

2. Jump to the compartment #4, and find the yellow cylinder (D) which same the
cylinder (C) and assume that the yellow cylinder (D) is connected to the
compatment #6 through the blue component (E). See figure 2. Take an audio note

for your finding when you reach each component.

The blue
component (E)

The yellow
cylinder (D)




3. Trace the burgundy cable (F) that is connected to the blue component (E) (see figure
3) until you get to its endpoint (G) that is cected to the yellow cylinder (H) in
figure 4.

4. Trace the grey tube (1) on top of (H) and find its endpoints (J) (see figure 5). Take an

audio note for your finding when you reach each component.

i The grey tube (I)

The blue
component (E)

The yellow cylinder (H) |

The burgundy
cable (F)

The end point (G)

Figure 4
(SY) s
Figure 3
Figure 5
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Trace Task (Second SessionModel 2

1. Refind the eadpoints shown in figure 6 (where you stopped during the last session).
2. Assume that the endpoints (J) are connected to the orange cylinder(K) on the

comportment #9 through the point (L) (figure 6).

The orange cylinder
(K)

-7
e The endpoints (J)

Y/ A

L

(/

Figure 6

3. find the two blue cables (M, N) down to the orange dgin(J) (See figure 7).

4. Trace each of them to find its endpoint. Take an audio note for your finding when
you reach each component.

The orange cylinder (K)

The blue cable (N) The blue cable (M)
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5. Summarize the steps of the task you performed in the first session.

1.

6. Summarize the steps of the task yeufprmed in the second session.

11C



APPENDIX B RECURUMENT NOTICE

We are recruiting participants to take part in a research study examining what
would be helpful in task resumption with 3D interface, so we want to test different type
of strategies for aiding task resumption based on 3D models. We are looking for users
who are Dalhousie University students, currently own and use any touch screen device.
The study will be conducted in the Mona Campbell building and it will be over two
sessios (about a day apart) and that each session will take about an hour. In the first
session, you will first meet with a researcher to go over the study details, give consent to
do the study, fill in a background questionnaire and a questionnaire to scorgpgdal
ability. You will then be video recorded while you perform set of tasks with 3D models
using an iPad tablet that will provided. In the middle of each task you will be interrupted
by being asked to stop the current task and to start the nexiTtask.in the second
session, you will be required to resume these tasks where you left off in the first session
using one of the four resumption aids. You will fill in questionnaires after resuming each
task and at the end of the study that will ask alyout experience with performing and
resuming the tasks in a questionnaire and short interview. Compensation is $20 for
completion of the study. If you are interested in participating, please contact Rugaia
Almangush (rg734888 @dal.ca).
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APPENDIX C INFORMED CONSENT

DALHOUSIE
UNIVERSITY

Inspiring Minds

Exploring Strategies to Aid Task Resumption with 3D Models on Mobile Devices.

Principal InvestigatorsRugaia Almangush, Faculty of Computer Science
Derek Reilly, Faculty of Computer Science

Bonnie MacKay, Faculty of Computer Scienc

Raghav Sampangi, Faculty of Computer Science

Contact Person: Rugaia Almangush, Faculty of Computer Science,
rg734888@dal.ca

We invite you to take part in a research study being conducted by Rugaia Almangush at Dalhousie
University. Your participatin in this study is voluntary and you may withdraw from the study at any time.
Your academic (or employment) performance evaluation will not be affected by whether or not you
participate. To be eligible to participate in the study, you must be a Dalidnisiersity student, currently

own and usenytouch screen device. The study is described below. This description tells you about the
risks, inconvenience, or discomfort which you might experience. Participating in the study might not
benefit you, but we ight learn things that will benefit others. You should discuss any questions you have
about this study with Rugaia Almangush.

The purpose of the study is to investigate what would be helpful in task resumption with 3D
models; we want to test different g of strategies(tools) for aiding task resumption based on

3D models. You will be asked to participate in two hdargy study; it will be over two sessions
(about a day apart) and that each session will take about an hour. In the first session, you will
perform four tasks. In the middle of each task you will be interrupted by being asked to stop the
current task and to start the next task. Then in the second session, you will be required to resume
these tasks where you left off in the first session usimg of the four resumption aids. The
device will log the time to do tasks, and your navigation and interactions with the 3D models
(such as, rotation and zooming). Also, the device will log your interaction with the resumption
aid tools (such as, buttonigdts and opening and closing windows). The device will also use
video screen capture software that will record your interactions with the 3D models on the
screen. You will also be video recorded to capture how you interact with the device while
performingand resuming tasks.

You will be compensated $20 for participating in the study; you can withdraw during the study
itself, and up to 2 months after the study without any consequence, and you can have your data
removed from analysis by contacting Rugaia Alignash up to 2 months after the experiment. A
researcher is always available over the study period by email or to meet in person to answer any
guestions you may have or address any problems that you may experience with the tasks.
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All personal and identifgyg data will be kept confidential. Anonymity of textual data will be
preserved by using pseudonyms. All data collected in the logs, questionnaires, video, and
interviews will use pseudonyms (e.g., an ID number) to ensure your confidentiality. The
informed consent form and all research data will be kept in a secure location under
confidentiality in for 5 years post publication.

In the event that you have any difficulties with, or wish to voice concern about, any
aspect of your participation in this study,uymay contact Catherine Connors, Director,

Of fice of Research Ethics Administration
Research Ethics for  assistance: phone: (902) -14%2, email:

Catherine.connors@dal.ca.

Al have read the explanation about thisidt. | have been given the opportunity to
discuss it and my questions have been answered to my satisfaction. | hereby consent to
take part in the study. However, | understand that my participation is voluntary and that

| am free to withdraw fromthe studyt any ti me. 0

Participant Researcher
Name: Name:
Signature: Signature:
Date: Date:

Al understand and consent that my participation in the experiments will be video recorded for the
purpose of analysis. | understand that this is a condition of participation in the study, and |
understand that this video recbwill not be used in publication or presentation of resalts.

Participant Researcher
Name: Name:
Signature: Signature:
Date: Date:

Please select one of the options below:

fil agree to let you directly quote any comments or statements made in any "
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reports without viewing the quotes prior to theseuand | understand that tf

anonymity of textual data will be preserved by using pseudodyms.

Participant Researcher
Name: Name:
Signature: Signature:
Date: Date:
Or
Al want to read direct quotes pri

the anonymity of textual data will be preserved by using pseudonym
[if this option is chosen, please include a contact email add

]

Participant Researcher
Name: Name:
Signature: Signature
Date Date

If you are interested in seeing the results of this study, please check belc
provide your email address. We will contact you with publicatietails that describ

the results.

114



APPENDIX D BACKGROUND QUESTINNAIRE

PART | - PLEASE FILL IN THE FO LLOWING INFORMATION :

1. Age:
2. Sex: [ JMale [ ]Female
3. Faculty:
4, Level/Year: (if you are student)
[ ] 1st Year Undergraduate ] 2nd Year Undergraduate
[]3rd Year Undergraduate[_] 4th Year Undergraduate
[ ] Graduaté Masters [ ] Graduaté PhD
[] Other
5. How many times per week do you use a touch device (e.g. tablet or
smartphone)?

[ ] Once a week dess
[ ] (2-4) times a week
[ ](5-7) times a week
[ ] More than 7 times a week

6. How often are you interrupted while working? (e.g. a roommate enters
your room to ask you a question while you are doing agassnt)

[ ] Once a day or less

[ ] (2-4) times a day

[ ](5-7) times a day

[_] More than 7 times a day

7. How often do you need to resume tasks after one or more days?
[ ] Never

[ ] Rarely
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[] Occasionally

[] Frequently
[ ] All the time

8. How often do you have difficulty to resuming your work after
interruption?
(For example: locating where you left off on a document, bablg to complete an
unfinished paragraph)

[ ] Never

[ ] Rarely
[] Occasionally

[] Frequently
[ ] All the time
9. How difficult would you say it is to resume a task for you (on awefag
[] Very difficult
[ ] Difficult
[ ] Neutral

[ ] Easy
[ ] Very easy

10. How do you resume your work after an interruption? (check all that
apply)
[_] Rely on your &vn memory

[ ] Using a memory aid

Explain what do you use?
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APPENDIX E SPATIAL ABILITY TEST

Spatial Ability Test: Mental Rotation

Instruction: In the right side, which one is the same with the left target after rotating?

Pleag circle or tick the right answer. Do not rotate the page.

Sample:

F A v £ ¢

(1) (2)/

Practice:

| =P




Questionl:

FI

= [ L J
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