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Abstract

Technical limitations will severely restrict communication between ground-based mission support and onboard
crew in future long duration exploration-class missions (LDEM). Thus, mission support tasks like mission
scheduling need to be shifted to onboard crew. Currently, crew activities are scheduled over the course of several
weeks by ground-based experts with years of experience-based training. These experts display extensive amounts of
situational awareness (SA) throughout scheduling by maintaining a mental model of many factors such as constraints
(e.g., physical space/layout), abilities and skills of the crew, and crew preferences, allowing them to anticipate and
mitigate potential issues. Thus, we propose that SA is a key component in mission scheduling, and support of SA for
the onboard crew is essential when mission scheduling tasks are reallocated to non-experts. In this paper, we
examine SA in novice schedulers in both scheduling and rescheduling tasks in a spaceflight-like context. Results
indicate that there is no significant difference between scheduling and rescheduling tasks with regards to SA in
novice schedulers. Additionally, our experiment shows that novice schedulers are less able to develop sufficient SA
for constraints that are dependent on more than one activity. We propose that software aids may be useful to support
novice schedulers, particularly with these constraints, and may increase SA in scheduling and rescheduling tasks.

This work is vital to ensure the successful transfer of mission support tasks to the crew for future LDEM.
Keywords: Situational Awareness, Scheduling, Long-Duration Exploration-Class Missions, Crew Autonomy

Acronyms/Abbreviations
¢ |ISS: International Space Station
e LDEM: Long duration exploration-class missions
e SA: Situational Awareness
e SAGAT: Situation Awareness Global Assessment
Technique
e SPAM: Situation Present Assessment Method

1. Introduction

Schedule  creation in  complex, dynamic
environments such as the International Space Station
(1SS) can take mission schedulers anywhere from weeks
to months to complete [1]. Due to task complexity,
scheduling often involves specialists with years of
experience-based training [2]. Expert schedulers must
ensure strict requirements (such as energy resources) are
met and followed [2]. Additionally, they must promptly
address conflicts and last-minute changes. Failure to
create an effective schedule can compromise crew
health and safety and jeopardize mission objectives. In
the future, as technical limitations restrict Earth-to-
space communication, astronauts will assume the task of
scheduling and rescheduling, and must effectively and
efficiently manage strict timelines without guidance
from specialists on the ground.

Interviews with seven expert planners (current or
recently retired space mission schedulers) revealed that
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experienced schedulers maintain a mental model of
factors that are not relayed during formal training [3].
These include non-formal constraints such as physical
space/layout, abilities and skills of the crew, and crew
preferences — knowledge that experts say only comes
from experience. Because these constraints are not
formally documented, expert schedulers must not only
have awareness and knowledge of these constraints, but
also integrate them into their mental models when
building the schedule, demanding the building and
maintenance of situational awareness (SA).

For the purposes of this study, the authors define SA
as “the perception of elements in the environment
within a volume of time and space, the comprehension
of their meaning, and the projection of their status in the
near futures” [4]. The level of SA that is achieved
during a scheduling task indicates a distinction between
expert and novice schedulers as novice schedulers
would likely only be aware of formally documented
constraints and activity priorities [3], preventing them
from fully developing SA and integrating all the
necessary information into a complete mental model.
Thus, SA is a critical component of effective scheduling
and is crucial for the successful transfer from experts on
the ground to onboard crew [5]. However, limited data
exists with regards to SA for novice schedulers in
scheduling and rescheduling, especially in a space
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mission context and, therefore, addressing this research
gap is vital in supporting the feasibility of future
LDEM.

Direct measurement of SA has most commonly been
evaluated through two methods, Situation Awareness
Global Assessment Technique (SAGAT) and Situation
Present Assessment Method (SPAM), both with equally
predictive performance [6]. These two approaches are
predicated on probing participants using questions about
the situation/task. They vary in that SAGAT blanks
displays throughout query responses while SPAM
occurs in real-time with the task displays remaining
available to participants as they respond to queries [6].
SAGAT scores SA based on accuracy and classifies
these scores into operationally relevant bands. Because
participants cannot reference task interfaces while
answering queries, accuracy is thought to quantify the
situational awareness available through recall. A key
feature of SPAM is that SA is predicated on working
memory and the ability to find the correct answer in a
short time frame [7], and therefore, the measure is less
reliant on memory which is a criticism of SAGAT [6].
Thus, response time supersedes accuracy when
evaluating SA using SPAM. Recent work [3] has
developed a SPAM-based framework for measuring SA
in scheduling for space-like missions. We aim to use
this methodology to expand our understanding of SA in
scheduling and rescheduling.

The current paper presents SA data from a ground-
based, remote investigation conducted utilizing
Playbook, a web-based scheduling platform [8, 9].
Participants were randomly assigned to perform either a
series of scheduling tasks or a series of rescheduling
tasks, after which, our SPAM-based methodology was
used to probe SA. Results presented here provide an
initial examination of SA in scheduling and
rescheduling for novice schedulers, identifies potential
barriers to establishing good SA, and informs the
development of countermeasures to enhance SA for
novice schedulers.

2. Method

Thirty-one participants took part in the study (18
females, 18-64 years old). All participants held a
bachelor’s degree or higher and were recruited on a
voluntary basis. This study was approved by the NASA
Ames Institutional Review Board (HRII 20-07).

2.1 Materials

This study was conducted remotely due to the
restrictions necessitated by the public health crisis
caused by COVID-19. Participants provided their own
hardware which included a video-enabled computer and
an iPad. Hardware and software versions were strictly
controlled to ensure that participants were using the
same technology. Participants interacted with
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researchers using video conferencing software and a
custom experimental platform [10]. Experimental
materials were presented to the participants on both
their computer browser and iPad. Scheduling and
rescheduling tasks were conducted using a self-
scheduling software platform, Playbook [8, 9, 11]. Fig.
1 shows the remote experiment setup.

Fig. 2 shows the Playbook user interface. The
Timeline displays horizontally, and schedules are made
chronologically from left to right (Fig. 2A). Each crew
member corresponds to a single row. Activities can
either be flexible (marked with a white dot) and can be
moved or inflexible (e.g., activities like meals and
sleep) and cannot be moved. Activity duration is
indicated by block length. The Task List, which
contains additional activities not yet scheduled, can be
accessed from the hamburger menu, and shows
additional information including priority level (low,
medium, or high) and any relevant constraint (Fig. 2B).
Outside of Playbook, a list of activities is also available
to participants on their computer browser. The
Scratchpad facilitates transfer of activities from the
Task List to the Timeline or vice versa (Fig. 2C). If the
placement of an activity creates a violation (e.g., a
necessary resource is unavailable), a red outline will
appear indicating a violation in the plan (Fig. 2D).

2.2 Task

The study used a 4x2x2 mixed design, with one
between-subjects variable (schedule or reschedule) and
two within-subject variables. The within-subject
variables were type of constraint (4 types) and number
of constraints (2 levels). All participants completed nine
trials including a baseline trial with no manipulations
which was always presented first. A Latin square was
used to determine the order of the remaining
experimental trials. Each of the remaining eight trials
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.y * Mission Objectives
% Network connection « SA Assessment

Fig. 1. A diagram of the remote experiment setup. The
proctor communicated with the participant through
video conferencing and pushed information to either the
computer or iPad over a network connection. A
comprehensive list of activities and mission objectives
were provided on the computer browser as well as the
SA assessment following each trial. The iPad was
reserved for the scheduling/rescheduling task.
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Fig. 2. The three main displays (A, B, C) for our experimental platform are as follows: A) Timeline — displays
current schedule with activities arranged chronologically from left to right. Flexible activities are marked with a
white dot. The hamburger menu is shown to the left and allows navigation between the displays. B) Task List — lists
all activities with relevant information (i.e., priority, constraints). Selecting the check box next to an activity will

transfer that activity to the Scratchpad. C) Scratchpad

— facilitates transfer of activities from the Task List to the

Timeline. D) provides an example of a violation. Violations are indicated by red lines around the affected activities.

consisted of only one type of constraint with either a
low number (33% of total activities) or a high number
(66% of total activities) of constrained activities. Type
of task was assigned randomly with 15 participants
completing the scheduling task and 16 participants
completing the rescheduling task.

The four levels of the constraint variable were as
follows:
e Time Range Constraint (T) limits the time of
day an activity can be scheduled (e.g., Activity
A must start no earlier than 0900 and end no
later than 1030)
e Requires Constraint (R) states that the activity
needs to have a particular resource available
(e.g., Activity A requires communication
availability)
e Claim Constraint (C) describes a specific piece
of equipment required for a particular activity
(e.g., Activities A and B both claim a treadmill,
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and therefore cannot be scheduled at the same
time).

e Ordering Constraint (O) describes when an
activity should be scheduled in relation to
another activity (e.g., Activity A must be
scheduled before Activity B)

It is worth noting that the first two constraints, T and
R, apply to only one activity (e.g., Activity A), while
constraints C and O describe a dependency on two
activities (e.g., Activity A and Activity B). This
distinction will become important in later analyses.

Prior to the start of the experimental trials,
participant completed four training trials, after which
they completed a competency test. A score of 77% (7 of
9 questions) was required to proceed to the nine
experimental trials. During the task, participants were
given the hypothetical scenario that they were crew
members on a mission to a Deep Space Habitat. Their
job was to schedule (or reschedule) a viable timeline for
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a single day for themselves and their crew. Participants
were instructed to create the timeline as efficiently
(quickly) as possible while meeting the following
objectives:
e Schedule as many flexible activities as
possible.
e Prioritize higher priority activities when
unable to schedule/reschedule all activities.
e  Clear all violations from the schedule prior
to trial completion.

Schedules were made on the iPad using Playbook,
and mission objectives, activity information, and the SA
assessments ~ were listed/administered on  the
participants’ computer browser (Fig. 1). Lastly,
participants were told to work as quickly as they could
and not try to create a perfect plan, but rather one that
meets the objectives.

2.2.1 Scheduling condition

In the scheduling tasks, participants were presented
with a schedule that was empty aside from inflexible
(static) activities such as sleep and meals. Inflexible
activities occupied 75 hours and 5 minutes of the 96
hours in the plan across four crewmembers. Twenty-
four activities were available for participants to
schedule with no restrictions in terms of number of
movements. The breakdown of the 24 flexible activities
were as follows: 8 low priority, 8 medium priority, and
8 high priority. The task was designed so that not all the
activities could be scheduled, forcing participants to
schedule based on mission objectives.

2.2.2 Rescheduling condition

In the rescheduling tasks, schedules included the
same inflexible and flexible activities. The breakdown
of the 24 flexible activities were as follows: 8 low
priority, 8 medium priority, and 8 high priority.
However, 18 of the 24 flexible activities were scheduled
in the timeline prior to the start of the trial (8 low
priority, 8 medium priority, and 2 high priority).
Inflexible activities and pre-scheduled activities
occupied 91 hours and 35 minutes of the 96 hours in the
plan across four crewmembers. Participants were told
that they must reschedule the timeline to include six
new high priority activities following mission
objectives. Again, there were no restrictions on humber
of movements, and more activities were provided then
were possible to schedule.

2.3 Assessment of Situational Awareness

After participants submitted their completed
schedules for each experimental trial, SA was evaluated
using a modified SPAM-based methodology [3]
consisting of three true-or-false questions administered
at the conclusion of each trial. This technique was used
to prevent any interruptions  during the
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scheduling/rescheduling task itself, similar to [5].
Participants were asked to answer as quickly and
accurately as possible using working memory but could
refer to the plan they just created as needed. Trial
performance metrics were logged at the conclusion of
each trial before SA assessment began. Thus, our SPAM
methodology was not intrusive to the task itself and did
not bias participants to answer queries during periods of
low workload (as could be the case in real-time
administration of queries) — two common limitations of
SPAM [6].

3. Results

Results include analyses with a response time cutoff
and without a response time cutoff. A cutoff is typically
used for SPAM because its aim is to capture
information within working memory or quickly
identifiable within the displays [12]. In both cases,
response time should be relatively low. After a certain
period, it may be inferred that participants are searching
for information rather than having the information
available in a mental model or knowing where to find it.
In our experiment, we used a 40.5-second cutoff which
falls in line with the outliers for response time of our
data following the 3.29 x standard deviation (SD)
outlier identification method [13]. Responses that were
greater than 40.5 seconds (s) were removed from
response time analyses and recoded as incorrect.

Potential causes for timeouts are outlined by
Cunningham et al. [14] as 1) the operator being unable
to figure out the answer, 2) the operator’s workload
preventing them from answering the question, 3) the
context of the scenario no longer aligning with the
context of the question in dynamic tasks, or 4) the
question requiring more time than allowed to answer.
Reasons 2) and 3) are not applicable for our experiment
as participants completed the scheduling/rescheduling
task prior to answering SA questions. Consequently, our
participants likely exceeded the timeout for reason 1) or
4). Reason 1) indicated no SA for information in the
probe [14] and reason 4) that relevant information could
not be located in an acceptable time. As a result, we
expected our cutoff to have a minimal effect on
accuracy. Following SPAM, we also expected accuracy
to be high (near ceiling) with the ability to look back at
task interfaces and displays [7]. Thus, response time
should be the primary dependent variable.

Overall average accuracy was 72.90% (73.70% and
72.03% for scheduling and rescheduling, respectively),
but increased to 77.51% with the removal of the 40.5-
second cutoff (77.97% and 77.08% for scheduling and
rescheduling, respectively). Thus, no-cutoff data in our
analysis could supply additional information about SA
despite not typically being a part of SA evaluation
methodologies. Our subsequent linear mixed effects
(LME) model analyses examined both cutoff and no-
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cutoff data. Cutoff results will be reported for
completeness and results reported are for cutoff data
unless otherwise specified. Additionally, our overall
accuracy, while high, was not at ceiling. Hence, we will
also include accuracy along with response time in our
analyses.

LME model independent variables were type of task,
type of constraint, number of constraints, and all
combinations of interactions. Trial (learning effect) was
a covariate. Bonferroni-corrected post-hoc tests were
conducted on both factors and interactions. Dependent
variables were average response time and average
accuracy (3.1 Linear Mixed Effects Model (4x2x2):
Average across trials) and response time and accuracy
for individual questions (3.2 Linear Mixed Effects
Model (4x2x2): Individual questions).

3.1 Linear Mixed Effects Model (4x2x%2): Average
across trials

First, we examined response time and accuracy as an
average over the 3 SA questions administered following
each trial. The LME model results are presented below,
and Table 1 gives a summary of significant results.

3.1.1 Average response time

The LME model analyzing average SA response
time for our 4x2x2 experimental design yielded a
significant effect for type of constraint (F = 4.775, p =
0.003), but no significant effect for number of constraint
or type of task. Additionally, the effect of learning (trial
order) was not significant. Post-hoc analyses indicated a
significant difference between O and R (p = 0.003).

With no cutoff, there was also a significant effect for
type of constraint (F = 13.534, p < 0.001) and,
additionally, a significant effect for trial order (F =
5.934, p = 0.016; average SA response time decreased
over time). Post-hoc analyses indicated a significant

difference between O and C (p = 0.016), Oand T (p <
0.001), O and R (p < 0.001), and C and R (p = 0.044).
Fig. 3 presents the mean and 95% confidence interval
for average response time across type of constraints
with and without the cutoff. Overall, response time
increased the most for O and C when the cutoff was
removed (Fig. 3). This is also evident by the additional
significant differences found between O and C/T
without the cutoff and indicates that participants spent
more time searching for the answers to the SA questions
for these two constraints.

3.1.2 Average accuracy

Average accuracy results also yielded a significant
effect for type of constraint (F = 12.602, p < 0.001) and
a significant interaction between type of constraint and
number of constraints (F = 5.264, p = 0.002). There was
no evidence of a significant effect for number of
constraints or type of task. There was no significant
learning effect. Post-hoc analyses indicated a significant
difference between O and the other three constraints (C,
T,and R; p <0.001).

With no cutoff, there is again a significant effect for
type of constraint (F = 5.346, p = 0.001). There was a
significant difference between O and C (p = 0.003) as
well as O and T (p = 0.005). Additionally, a significant
effect for number of constraints (F = 5.328, p = 0.022)
was identified. Interestingly, the high number of
constraints condition yielded a higher accuracy
(estimated means * standard errors of 74.31% + 2.73
and 80.92% + 2.74 for the low and high number of
constraints, respectively). This trend was seen for cutoff
data as well but was not statistically significant. Again,
there was no significant learning effect. Fig. 4 presents
the mean and 95% confidence interval for average
accuracy across type of constraints with and without
cutoff.

Table 1. Summary of the 4x2x2 linear mixed effects model results for response time and accuracy.

g nd dual Que 0T erage nd dual Que on
Cutoff No Cutoff Cutoff No Cutoff Cutoff No Cutoff Cutoff No Cutoff
e 0 F=4.775 F=13.534 F=7.954 F=17.555 F=12.60 F=5.346 F=12.602 F=15.080
rdependen onstra p=10.003 p<0.001 p<0.001 p <0.001 p <0.001 p=0.001 p<0.001 p=10.002
ab ber o F=5328 F=5.107
om : p=0.022 p=10.024
: F=5.264
! : p=0.002
: o F=5934
p=0016
0 p=0.016 p=0006 | p<000l | p=0003 | p<0.00l | p=0004
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Fig. 3. The average response time (with a 95%
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Fig. 4. The average accuracy (with a 95% confidence
interval) by type of constraint for both cutoff and no
cutoff.

Fig. 4 shows that accuracy improved when cutoff
was removed. R and T generally both showed higher
accuracy and were less affected by cutoff removal. This
suggests that participants were able to answer questions
effectively from working memory or quickly find (in <
40.5 s) the answer in Playbook for these two constraints.
Response time increased the most for O and C with
cutoff removal (i.e., were most effected by the
application of the cutoff). In combination with increased
accuracy, it seems that participants were able to find the
correct answer given more time which motivates future
efforts to implement countermeasures in Playbook to
make this information more readily available, especially
for these two constraints.

3.2 Linear Mixed Effects Model (4x2x2): Individual
questions

The next analysis examined the effects of individual
question response time and individual question accuracy
in our 4x2x2 task design. LME model analyses here
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followed the LME model analyses outlined above. All
SA questions (Table 2) will be referred to as a
combination of the constraint (O, C, T, R), number of
constraint (low or high), and question number (Q1, Q2,
or Q3). For example, question 3 for the T constraint and
low number of constraints would be referred to as T-low
Q3. Question number/order was arbitrary, but consistent
across participants.

3.2.1 Response time

There was a significant effect for type of constraint
(F = 7.954, p < 0.001), but no evidence of a significant
effect for number of constraints or type of task. Post-hoc
analyses revealed a significant difference between O
and T and O and R (p = 0.034 and p < 0.001,
respectively). There was also a significant difference
between C and R (p = 0.003).

Similarly, analysis without a cutoff yielded a
significant effect for type of constraint (F = 17.555, p <
0.001). A significant difference was found between O
and all other constraint types (C, p = 0.006; T and R, p
< 0.001). C was also significantly different from T and
R (p = 0.030 and p = 0.004, respectively). See Fig. 5 for
a breakdown of a selection of individual question
response times for cutoff and no cutoff. Fig. 1. in
Appendix A provides the response times for all
individual questions. Again, individual question
response time increased without a cutoff most
significantly with the O and C constraints. Cutoff and
no cutoff trends generally align with our analyses on
average response time.

3.2.2 Accuracy

There was a significant effect of type of constraint
(F = 12,602, p < 0.001) for individual question
accuracy, but no evidence of a significant effect for
number of constraints or type of task. There were
significant differences between O and all other
constraint types (C, T, and R; all with a p < 0.001).

Similarly, with no cutoff, there was an effect for
type of constraint (F = 5.080, p = 0.002) and,
additionally, an effect for percent of constraint (F =
5.107, p = 0.024). O is significantly different from C
and T (p = 0.004, and p = 0.006, respectively). Again,
the high number of constraint condition yielded a higher
accuracy (estimated means + standard errors of 74.27%
+ 0.03 and 80.95% =+ 0.03 for the low and high number
of constraints, respectively). Cutoff and no cutoff trends
generally align with our analysis on average accuracy.
Overall, O had the most questions with < 50% accuracy
(3 of 6) and R had the most questions with > 75%
accuracy (5 of 6). See Fig. 6 for a breakdown of a
selection of individual question accuracies for cutoff
and no cutoff. Fig. 2. in Appendix A provides the
accuracy for all individual questions.
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Note that the accuracy for each individual question is the percent of successful responses per question across

participants.

Like average accuracy, individual question accuracy
with and without the cutoff demonstrated a difference
between incorrect responses due to response time (i.e.,
cutoff) and true incorrect responses. Both O and C
accuracy improved with cutoff removal with 5 of 6 and
3 of 6 of the SA questions showing improvement,
respectively (Appendix A, Fig. 2). Taking a closer look,
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O-high Q2 (Table 2) accuracy improved upon cutoff
removal (Fig. 6) indicating that the necessary
information to answer accurately may not be stored in a
participant’s mental model but does indicate that the
participant could find the answer (and did find the
answer in just over 40 s).
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Table 2. The questions used to probe situational awareness for each trial according to type of constraint and number
of constraints.

LRIl 58 4G Situational Awareness Question

(of Constraint) Number
Q1 Was the earliest required start time for any constrained activity before 08:00?
Q2 Were 50% or more of the activities in the Task List constrained?
Q3 Were 2 or more activities constrained to be scheduled before Midday Meal?
Q1 Were there more activities with constraints in this trial than in the previous trial?
Q2 At any time did you have 2 or more violations simultaneously in the plan?
Q3 If COMM was suddenly unavailable after 15:00, would any activities be in

violation?
If suddenly all activities that claimed a treadmill had to take place on the bike

Q1 instead, would any activities in your plan be in violation?

Q2 Did any flexible activities require a bike?

Q3 Were all crew scheduled to exercise on both the bike and the treadmill?

Q1 Were all activities that claim a bike scheduled after a Midday Meal?

Q2 Were any activities constrained to be scheduled before a Midday Meal?

03 If a CDR's Midday Meal was moved an hour later, would that create a violation
with any flexible activities?

Q1 Were 3 or more activities required to be scheduled after a Midday Meal?

Q2 Was the latest required start time for a flexible activity after 17:00?

Q3 Were 50% or more of the activities constrained?

01 If COMM was suddenly unavailable before 10:00, would any activities be in
violation?

Q2 Did 8 or more activities have a constraint?

Q3 At any time did you have 1 or more violation(s) simultaneously in the plan?

01 Did all crew members you scheduled activities for get to exercise on both the bike
and the treadmill?

o2 If suddenly all activities that claimed a bike had to take place on the treadmill
instead, would any activities be in violation?

Q3 Did any flexible activities require a treadmill?

o1 If the first Morning Prep activity was moved an hour earlier, would that create a
violation with any flexible activities?

Q2 Were all activities that claim a bike scheduled after a Midday Meal?

Q3 Were any activities required to be scheduled after a Midday Meal?
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Table 3. Questions that exceeded the 40.5-second
cutoff for both scheduling and rescheduling.

Question Count of cutoff trials
O-low Q2 6
C-high Q2 6
0-high Q1 5
0-high Q2 5
C-high Q1 4
O-low Q3 3
C-low Q2 2
0-high Q3 1
R-low Q1 1
R-low Q3 1
Total 34
(0 20
C 12
T 0
R 2

3.3 Linear Mixed Effects Model (2x2x2): Average
response time and accuracy

The above analyses indicate that across the two task
types, constraints involving more than one activity (O
and C) seemed to be more difficult for novice
schedulers to develop SA as they tended to have longer
response times (Fig. 3), exceed the time cutoff (Table
3), and have lower accuracy (Fig. 4) relative to the other
constraints (R and T). Therefore, we wanted to
investigate if SA was significantly affected when
scheduling or rescheduling with O and C versus R and
T.

A 2x2x2 LME model analysis with O and C being
classed as one constraint group (Two+) and R and T
(Two-) being classed as another was conducted.
Response time results showed a significant effect for
group of constraint (p < 0.001) with Two+ having an
average response time of 13.01 s £ 0.84 and Two-
having an average response time of 10.52 s + 0.83.
Accuracy results showed a significant effect for group
of constraint (F = 14.361, p < 0.001) with Two+ having
an average accuracy of 66.93% + 0.03 and Two- having
an average accuracy of 79.05% + 0.03. Additionally,
there was a significant interaction between type of
constraint and number of constraints (F = 8.918, p <
0.005). These results persisted for both response time
and accuracy with and without the cutoff and supports
our supposition that SA may be more difficult to
develop for constraint types dependent on 2 (or more)
activities.
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4. Discussion

Analysis of both response time and accuracy
(average and individual questions) showed type of
constraint as a critical factor in SA (Table 1). These
results match those found in [3] for response time. Thus,
we reiterate that SA is more impacted by type of
constraint than number of constraints. One interesting
finding was that there was a significant learning effect
for average trial response time when the cutoff was
removed. Post-hoc analyses indicated that SA response
time decreased as trials progressed despite trial order
being randomized following a Latin square. Average
accuracy did not have a significant learning effect (F =
0.141, p = 0.707), but the effect of trial order did
approach significance when the cutoff was removed (F
= 3.647, p = 0.058) and indicated a decrease in
accuracy. However, our experiment seems to indicate
that with no significant drop in accuracy across trials it
is possible that SA improved in terms of response time
over time or, at the very least, participants did not
become resigned to the task, become fatigued, and/or
start guessing.

Our accuracy analyses (both average and individual
questions) hinted that percent constraint played a role as
well (evident only in no cutoff data). Interestingly, the
high number of constraints (66%) vyielded higher
accuracy. This could indicate that a higher number of
constraints required participants to interact more with
the timeline/activities and, thus, built more SA. This
should be investigated further in future work.

We also found that average accuracy improved
between cutoff (72.90%) and no cutoff (77.51%) data.
Encouragingly, the ability of participants to search and
successfully find the correct answers indicate that there
is potential for Playbook countermeasures to help
participants more efficiently locate the information they
need. For example, questions O-low Q1 and O-high Q2
(Table 2) are the same (Were all activities that claim a
bike scheduled after a Midday Meal?), however, the
accuracy with the cutoff was 74.19% and 35.48%,
respectively. Without the cutoff, the accuracy for O-
high improves to 51.69% while O-low remains the
same, indicating that it may just take participants longer
to track down the answer for a constraint-related
question when the trial has a higher number of
constraints (i.e., 66% versus 33%). In addition to
demonstrating some level of SA, accuracy improvement
with cutoff removal also indicates that question
comprehension is not a limiting factor.

A deeper dive into the questions themselves
provided more insight into how software aids should
support novice schedulers locate the information
necessary for SA. We began by examining whether
there were any questions beyond finding the answer for
(i.e., low accuracy and low response time). This trend
can be seen for R-low Q2 (Table 2) where extra time
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(cutoff removal) did not help improve accuracy.
Participants were asked: “At any time did you have 2 or
more violations simultaneously in the plan? ” and results
suggest they either know the answer or they guessed
(but did not try to search). Markedly, this question was
not one that could be easily determined from the
Playbook interface. Perhaps a violation count would be
useful as a quick reference to track constraints during
self-scheduling, especially as task complexity increases.
This feature could be extended by allowing schedulers
to click on the violation count and see a drop down of
the violations themselves. They could then click on a
specific violation to jump to the relevant location in the
timeline. Doing so would allow schedulers to keep tabs
on the number of violations they have at any point
during scheduling and prevent them from having to
search the timeline for the red lines indicating a
violation. Additionally, a count would provide an easy
check for confirming they have resolved all violations at
the conclusion of the task.

As we indicated in our results, it also appears that
participants struggled to develop SA for constraints
involving more than one  activity.  Thus,
countermeasures should specifically focus on these
constraints. Q2 for both O-low and C-high appear to be
challenging questions because results with the cutoff
yielded low accuracy and low response time
(participants likely guessed) and results with no cutoff
yielded low accuracy and high response time
(participants could not find the answer). Both questions
tasked participants with either being able to recall or
determine all activities that were constrained and how,
and in the case of C-high Q2, quickly determine how
activities may be affected if certain constraint
conditions changed. Countermeasures to alleviate the
difficulty of these questions could be color-coding
activities by constraint type or dependency (i.e.,
scheduling of activity A depends on scheduling of
activity B), including icons to indicate the “claims”
(e.g., bike or treadmill) required for the C constraint, or
perhaps a method to speed up the search for constraint
specifics such as pop-ups when participants hover over
activities on the timeline or quick filtering options to
pick out activities by constraint details (e.g., activities
that claim a bike). These questions contrast with
questions that demonstrate SA (high accuracy and low
response time) like R-high Q1, C-low Q3, and C-high
Q3 as well as questions like O-high Q1 that participants
successfully searched for the answer.

5. Conclusion

Future LDEM will put technical limitations on
communication between mission support and crew, and
as a result, require the transfer of mission support tasks
to the crew. Previous work indicates that there is a
relationship  between situational awareness and

IAC-21-4-B6.4

effectiveness for scheduling, but SA for novice
schedulers in a space mission scheduling task has not
been fully explored. Our current work provides initial
steps for understanding SA in novice schedulers in both
scheduling and rescheduling tasks in a space context.
Our results indicated that there is no significant
difference between scheduling and rescheduling for the
development of situational awareness in novice
schedulers. However, results seem to indicate that SA is
more difficult to develop for constraints involving
multiple activities. Thus, future software aids should be
implemented to better facilitate SA, especially with
these constraints in mind. Enhancing SA in novice
schedulers will enable the shift from expert schedulers
to crew and move future research forward on the path to
crew autonomy.
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Fig. 1. The response times (with 95% confidence intervals) for all individual SA questions by type of constraint for both cutoff and no cutoff.
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Fig. 2. The accuracies for all individual SA questions by type of constraint for both cutoff and no cutoff. Note that the accuracy for an individual question is the
percent of successful responses per question across participants.
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