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ABSTRACT 
Traditional goal setting simply assumes a binary outcome for goal 
evaluation. This binary judgment does not consider a user’s efort, 
which may demotivate the user. This work explores the possibility 
of mitigating this negative impact with a slight modifcation on the 
goal evaluation criterion, by introducing a ‘margin’ that is widely 
used for quality control in the manufacturing felds. A margin rep-
resents a range near the goal where the user’s outcome will be 
regarded as ‘good enough’ even if the user fails to reach it. We ex-
plore users’ perceptions and behaviors through a large-scale survey 
study and a small-scale feld experiment using a coaching system 
to promote physical activity. Our results provide positive evidence 
on the margin, such as lowering the burden of goal achievement 
and increasing motivation to make attempts. We discuss practical 
design implications on margin-enabled goal setting and evaluation 
for behavioral change support systems. 
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• Human-centered computing → HCI theory, concepts and 
models. 
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1 INTRODUCTION 
Goal setting is one of the most widely used strategies in behavioral 
change [33]. Researchers have examined major goal-setting dimen-
sions such as difculty and proximity, in order to fnd out efective 
goal-setting strategies [50]. Goal setting design is an important 
research topic for Human-Computer Interaction (HCI) [13] in that 
due to the prevalent use of smart technologies, users set their goals 
via mobile applications that remind and help them achieve the goals. 
Traditional goal-setting systems have provided feedback based on 
goal-based binary evaluations. In this evaluation criteria, users will 
receive a success or failure message simply based on whether the 
goal is met or not. 

However, the binary judgment may be less adequate for support-
ing users to continue their behavioral change. In the early stages of 
a behavioral change, the goals may seem difcult to users, consider-
ing they have to overcome their previous, dominant, and unhealthy 
behaviors [26], which in turn, the difculty may result in cognitive 
anxiety [21] in achieving their goals. Moreover, if they have a fear 
of failure when striving for their goals, they may focus more on 
the evaluator’s judgment in order to avoid being shamed [36] and 
would likely experience more stress and anxiety due to the expected 
negative feedback [32]. In addition, this evaluation criterion has 
a limitation in that it does not fully acknowledge how hard the 
user has tried to achieve their set goal. Even if the user almost 
reaches the goal (e.g., fnishing 9,500 steps out of 10,000), her or his 
eforts will be counted as nothing and result in a lowered motiva-
tion toward the goal. As these negative experiences in goal-setting 
systems may lead the user to abandon her or his behavioral change 
plans altogether, HCI research should examine not only how to set 
an appropriate goal for the user, but also how to assess the user’s 
performance in a positive and motivating manner. 

In this paper, we propose a concept of “margin” to support the 
user’s behavior change with a slight modifcation on the evalua-
tion system. The margin is a range near the goal where the user’s 
outcome will be counted as “good enough” even if the user fails to 
completely achieve the goal. With the inclusion of a margin, the 
evaluation becomes more fexible and relaxed, as it allows room for 
a little failure. To distinguish the assessment involving a margin 
from the traditional, goal-based assessment, we have titled this 
criteria as “mission.” Thus, the condition for mission success be-
comes entering the margin area, and we could determine the user’s 
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outcome as a mission success or failure. The concept of a margin is 
inspired by statistical process control (SPC) [35, 42] in the manufac-
turing feld. In SPC, the quality of products within a certain level or 
boundary will be decided as ‘in control’, which means the products 
have a good-enough quality in terms of the statistical process. This 
study utilizes the boundary (or say, ‘fexibility’) concept in goal 
setting and investigates whether a similar concept could be applied 
in the feld of behavioral change as well. 

To explore the feasibility of margin-enabled behavioral coaching, 
we designed two experimental studies: (1) a large-scale, survey-
based vignette experiment with 500 participants to understand how 
they perceive the margin-based assessment; and (2) a 10-day feld 
experiment with 54 participants to help better understand how 
their behavior would be infuenced by the margin in the evaluation 
criteria. For the feld experiment, we designed FlexCoach, a margin-
enabled coaching system that supports physical activity with goal-
setting and feedback on the users’ daily step counts. 

Results from this study showed that participants rated their 
performances more positively in terms of goal achievement in 
scenarios with a margin, especially when their outcomes were 
within the margin area (i.e., outcomes that would be regarded 
as ‘failure’ in the traditional evaluation criteria, but as ‘mission 
success’ in our system). Field experiment results showed that the 
margin-based evaluation supported the users by reducing the neg-
ative emotions and psychological efects, although we could not 
fnd statistically signifcant diferences in physical activity through 
the margin. Interestingly, most of the participants responded that 
their target remained the same as the original goal even if the 
standard of the mission success was more relaxed because of the 
margin. 

Our results show that the fexibility in performance evaluation 
may help promote the users’ behavior change. Specifcally, we ob-
serve that the margin could be shown as a human-like feature of 
taking context into account when evaluating others’ performance, 
and this could possibly allow users to become more engaged in the 
goal achievement process with less stress. Based on these fndings, 
we propose several design implications for margin-enabled coach-
ing systems, such as proper margin size, adaptive goals, and margin 
based on the user’s accomplishment, feedback and rewards. 

2 BACKGROUND AND RELATED WORK 
This section ofers an overview of the goal setting theory for behav-
ior changes and statistical process control for data-driven clinical 
decision making. We then review how prior HCI studies considered 
goal setting and achievement evaluation in their system design. 

2.1 Goal Setting Theories 
Goal setting is one of the most widely used techniques in behav-
ioral change systems [47] due to its positive efects in diverse do-
mains [33], including diet and physical activity [45]. The major 
constituents of goal setting are: (1) properties (i.e., proximity, speci-
fcity, and difculty), (2) components (i.e., progress feedback, and 
achievement rewards), and (3) sources (i.e., self-set, assigned, par-
ticipatory, guided, or group-set) [50]. It is known that specifc, 

challenging short-term goals are efective [33]. In addition, ofering 
feedback on goal progress improves goal achievement, and internal 
(e.g., self-esteem) or external (e.g., recognition or money) rewards 
reinforce goal progress [40]. Goal sources (who set the goal) are 
less sensitive to behavioral performances [17], and expert-guided, 
patient-directed goal setting is most preferred among users [13]. 
These goal setting properties can be summarized as a S.T.A.R.T 
criteria for behavior changes [45]: Specifcity, Timing, Acquisition 
(=type), Rewards and feedback, and Tools (for action planning and 
self-monitoring). 

Goal achievement evaluation often results in a binary outcome, 
which could possibly demotivate users for behavioral engagement. 
In the rehabilitation domain, researchers have proposed using goal 
attainment scaling (GAS) [9, 53] that allows a fexible judgment of 
goal achievement for a given intervention. GAS ofers fexibility by 
establishing “sub-goals” around the expected outcome as a baseline 
sub-goal: i.e., two higher sub-goals (+1 somewhat more; +2 much 
more) and two lower sub-goals (-1 somewhat lower; -2 much lower). 
GAS could mitigate the issue of binary judgment by recognizing a 
user’s efort via sub-goals, but this approach faces a similar issue of 
binary judgment at the sub-goal levels. This approach is best suited 
for rehabilitation goals [9, 53], failing to ofer practical guidelines 
on setting sub-goals in regular health behavior changes such as 
increasing physical activity (e.g., how to set sub-goals). Furthermore, 
GAS’s scoring rubric has “negative scores” for lower sub-goals (-1 
and -2), which may demotivate users—for example, regarding daily 
step goals, a user may have a series of “negatively scored” days. 
Prior studies reported that sub-goals are useful when expected goals 
are too complex and challenging as they ofer tangible rewards [51], 
as is the case in rehabilitation scenarios. 

2.2 Statistical Process Control for Clinical 
Decision Making 

Statistical Process Control (SPC) is widely used in the manufac-
turing feld to monitor the quality of a given manufacturing pro-
cess [35, 42]. It considers statistical variations of quality metrics in 
the manufacturing process by setting control limits from a given 
dataset, and this technique is known as “control charts.” Examining 
the lower and upper control limits in the control charts allows data-
driven decision making on quality control because it helps us to sys-
tematically diferentiate random variations from systematic errors. 
Prior studies on data-driven clinical decision making [46] leveraged 
SPC in several ways: detecting trend changes from baseline obser-
vations, judging the efectiveness of an intervention retrospectively 
(baseline vs. intervention comparison), and real-time tracking on 
the efects of interventions for adaptive treatment. Current applica-
tions of SPC are reactive in that it is similar to “behavioral analysis,” 
as it aims to fnd out possible out-of-control events for early inter-
vention. This concept can be extended so that behavioral coaching 
agents proactively guide users to set their behavioral change goals 
and to consider permissible behavioral variations for goal achieve-
ment evaluation (what we call “margin”). As a result, the agents can 
work with the users to set both behavioral goals and permissible 
variations. Our concept of proactive process control with behavioral 
coaching is in line with SPC in data-driven clinical decision making. 
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2.3 Persuasive Technology Design for Physical 
Activity Promotion 

Prior studies examined diverse aspects of persuasive technology 
design such as goal setting, self-tracking tools [14], behavioral learn-
ing and personalizing [20, 49], behavioral tunneling [10], just-in-
time reminding [11, 12], and interactive coaching [4, 24]. Consolvo 
et al. [13] used Ubift Garden with self-tracking features [14] to 
evaluate diverse goal setting scenarios in terms of goal sources 
and periods. The advanced sensing features of interactive systems 
provide novel opportunities for persuasive interactions [30]. For 
example, mobile systems can learn users’ behaviors and person-
alize behavioral interventions [49]. Physical activity sensing can 
alert users to be more active [8, 12, 34, 54]. Systems can ofer struc-
tured interventions for behavioral guiding such as micro-breaks 
with physical activity [37] and gamifed behavioral guiding when 
sensing physical activity transitions [10]. Natural language inter-
actions with intelligent coaches help users to better refect upon 
their physical activity history [24]. 

We now examine how existing persuasive technologies consid-
ered goal setting and achievement evaluations. Only a few HCI 
studies explored the major dimensions of goal setting, such as 
properties, components, and sources. Regarding goal properties 
(specifcity and difculty), researchers mostly considered trackable 
activities (e.g., step counts) [7, 12, 14, 31] and experimented with 
system-driven goal settings [7, 13, 23, 31]; e.g., setting weekly goals 
according to a user’s baseline performance [31]. The Tracker Goal 
Evolution Model [41] highlighted that users also set qualitative 
goals such as a level/range of physical activity or a qualitative 
measure of perceived activities over diferent activities, which are 
closely related to their quantitative goals of physical activities. 

A large-scale data analysis study on MyFitnessPal’s weight loss 
goals revealed that users’ behaviors in the frst week are criti-
cal for goal achievement [18], and thus, it is very important to 
successfully maintain proximal goals (e.g., daily goals of physi-
cal activity). To better motivate users, Munson and Consolvo [39] 
experimented with dual-goal setting and achievement evaluation 
approaches where users set both primary and secondary goals as a 
main and a backup goal, and achievement evaluation was done by 
rewarding diferent badges for diferent goals (e.g., a gold badge for 
primary and a silver badge for secondary goals). Agapie et al. [2] 
proposed a system-driven lapse management method that allows 
users to use a fxed amount of cheat points per week for fexible goal 
achievement evaluation. However, ofering user-driven fexibility 
(e.g., setting lower sub-goals) makes it difcult to achieve “behav-
ioral process control.” Our goal is to trade fexibility for process 
control by exploring “system-driven proactive process control.” 

3 MARGIN 
Margin Defnition: We propose a concept ‘margin’ that is a range of 
values near the goal where the user’s outcome will be determined 
as "good enough." When the evaluation process includes a margin, 
outcomes that fall within the margin will be recognized even if 
they fall short of the goal. Figure 1 shows an example of tracking 
daily step-count goals, which aims to promote physical activities. 
A margin is given in the form of an area based on the goal that is 
either set by the users or assigned to them (or collaboratively set). 

Figure 1: An example of daily step-count records for 7 days 

If we apply the traditional binary evaluation criterion as described 
in Figure 1 (i.e., judging success or failure based on meeting the 
goal), there are fve cases of failure out of seven. However, when 
a margin is included in the evaluation process, the assessment 
becomes relaxed, and the system recognizes points B, D, and E 
as being “good enough,” not as failures. This concept is similar 
to permissible quality variation in the statistical process control 
chart (SPC) widely used in the manufacturing feld. In the control 
chart, products within a certain boundary of quality metrics (i.e., an 
integer times standard deviation of the outcomes) will be recognized 
as quality in control despite its deviation from the central line (i.e., 
mean of the outcomes). In our scenario of behavioral goal setting, 
we provide a fexible and relaxed assessment by introducing a “good-
enough zone” defned by a margin, which is similar to “permissible 
quality variation” in SPC. This allows us to recognize the user’s 
efort and avoid small failures, which can possibly mitigate the 
negative efects of experiencing narrow failures. Thus, ofering a 
margin for a given goal helps a coaching system to proactively 
control a user’s behavioral process, which we call “system-driven 
proactive process control.” 

Margin Types: Depending on the type of the goal, margin place-
ment may exist above, beneath, or in-between the goal. One of the 
well-known classifcations of goals is approach versus avoidance 
by its motivation [15]. Goals for the approach motivation have a 
positive character in that people wish to achieve, whereas those 
for the avoidance motivation have a negative nature in that people 
try to avoid them if possible. In the approach goals, the user aims 
to achieve above the goal line, and thus, the margin will be placed 
beneath the goal (e.g., doing more exercise for weight loss or getting 
better grades in class). In contrast, avoidance goals aim not to pass 
the goal line, such as the maximum time allowance of smartphone 
use [22], and thus, the margin will be placed above the goal. There 
could be also maintenance goals; in this case, the margin should be 
placed in-between the goal line (e.g., weight maintenance: within 
+1 or -1 kg around the goal). Margin types can be further classifed 
as fxed or variable in terms of margin size. So far we have discussed 
fxed margin scenarios, but margin values could vary over time. A 
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Figure 2: Possible states of outcomes from goal and mission 

random margin can be drawn every day from a given distribution 
(e.g., uniform or Gaussian distribution). Fixed margin scenarios 
are comparable to random margin scenarios if the mean value of a 
margin distribution is equal to that of fxed margin scenarios. 

Goal and Mission Separation: Relaxed assessment with a margin 
does not mean invalidating or changing a user’s original goal. We 
ensure that the goal remains as it is, but the feedback provided by 
the evaluator is changed to prevent users from drawing negative 
conclusions from narrow failures. This can be done by introduc-
ing an additional criterion for relaxed assessment (called ‘mission 
evaluation’), which is diferent from original ‘goal evaluation.’ For 
a given goal, we now have a mission to ofer a fexible assessment 
of the user’s outcome with respect to the margin around the goal. 
Figure 2 shows an example of the goal: walking more than 10,000 
steps per day with a margin of 500 steps (5% of the goal). In this case, 
the goal is to reach 10,000 steps, and an associated mission is given 
as reaching more than 9,500 steps. Margin creates three possible 
outcome states as described in Figure 2: (1) mission success and 
goal achievement, (2) mission success and goal failure (i.e., within a 
good-enough zone), and (3) mission failure and goal failure. When 
a user sets a goal, the system ofers an option for “margin” and 
this creates an associated mission for separate evaluation. We can 
diferently treat two mission success states depending on how we 
recognize goal achievement (e.g., diferent messages and badges). 
Mission success is recognized as ‘Well done!’, but a system reminds 
users for goal anchoring, ‘But your goal has not been achieved yet.’ 

Research Questions: As the frst step toward understanding how 
a margin afects goal perception and achievement evaluation, we 
choose a health behavior goal of increasing physical activities, or 
daily step counts, which are widely supported in recent smart-
phones (e.g., Google Fitness or Apple Health). A lack of physical 
activity due to sedentary lifestyles is one of the major causes of var-
ious chronic diseases such as obesity, diabetes, and cardiovascular 
dysfunction [29]. To encourage physical activities, health insurance 
providers commonly use monetary incentive schemes that have 
positive efects on behavior changes [19, 44]. 

We frst explore how users interpret the margin-enabled goal 
setting and achievement evaluation. For example, a margin may 
result in a positive assessment of goal achievement. We think that 
is critical because how users evaluate their progress may infuence 
whether to keep trying to reach the goal or not. In addition, we 
examine what users are aiming for in the presence of a margin. A 

target could be either the original goal, or a reduced value by the 
margin; that is, achieving the goal vs. merely passing the mission 
(or reaching the good-enough zone). Thus, we set our frst research 
question as follows: RQ1: How does the margin afect a user’s 
perception of her or his goal and goal achievement? 

Real-world user experiences of margin-enabled coaching may 
difer from the user’s original perception. We design a margin-
enabled coaching system to investigate how a margin infuences the 
user’s goal perception and her or his behaviors in reaching the goal 
and how the user experiences difer from a traditional binary goal-
based assessment. Aiming to explore the design space of margin-
enabled coaching, we set our second research question as follows: 
RQ2: How does the margin afect real-world user experiences of goal 
setting and achievement evaluation in margin-enabled behavioral 
coaching? 

4 STUDY 1: SURVEY-BASED VIGNETTE 
EXPERIMENT 

4.1 Methods 
4.1.1 Survey Design. To evaluate how participants perceive the 
margin-based assessment, we conducted a large-scale survey-based 
vignette experiment. In a typical vignette study, researchers provide 
descriptions of certain situations or people to the participants and 
ask them some questions to see how they respond or make decisions 
about the settings [6]. 

Thus, we considered a situation of using a mobile application 
that supports users to walk more, providing (1) step-count goal, 
(2) margin, and (3) mission (i.e., margin-based evaluation criteria) 
every day. In the vignette, the coaching system provided a daily 
goal that was set as a 20% increment of the participants’ baseline 
step counts. We asked the participants to select their typical daily 
step count values, among the options of 2,500, 5,000, 7,500, 10,000, 
and 12,500 steps. Participants saw three diferent scenarios with 
varying margin types: Scenario 1: no margin, Scenario 2: fxed 
margin (5% of the baseline steps), and Scenario 3: random margin 
(difering everyday with the average value of 5% of the baseline). We 
explained that the results would be evaluated based on the mission. 

In addition, a hypothetical 14-day step counts result was given 
to the participants, with the supposition that these were their own 
step records. We made virtual step count records in 2.5% intervals, 
from 105% to 135% of the baseline and shufed their sequence. The 
same set of records was given in all three scenarios. Table 1 shows 
an example of step counts and margin given for scenario 3 when 
the participant’s baseline was 10,000 steps. In the case of scenario 
1 and 2, we provided the same step counts as scenario 3, but the 
margin was given diferently. (scenario 1: 0 step, scenario 2: 500 
steps every day). There was no mock dashboard in this hypothetical 
setting, and we only presented step count and margin information 
to avoid confusion. 

All participants saw three hypothetical scenarios with difer-
ent margin settings, and were asked to rate their perceived goal 
achievement levels. Based on the vignette, we asked three main 
questions to the participants. First, the participants were asked to 
rate daily step counts in each scenario on a 7–point Likert Scale 
ranging from completely unsuccessful (1) to moderate (4) to com-
pletely successful (7) in terms of goal achievement. Then, for the 
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
Steps 12,500 11,750 12,250 11,250 12,000 12,750 11,500 
Margin(S3) 400 1,000 300 700 0 600 500 

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 
Steps 13,250 11,000 13,000 10,500 12,000 13,500 10,750 
Margin(S3) 400 1,000 300 700 0 600 500 

Table 1: An example of step counts and margin of 14-day records in scenario 3 (i.e., random margin) when the baseline is 10,000 
steps. Note that the goal is 20% increment from the baseline, which is 12,000 steps in this case. 

two scenarios with a margin, we asked them whether their goal 
would be changed into the condition of mission success or remain 
as the goal provided by the coaching system. After that, we asked 
them to indicate the appropriate size of the margin in terms of 
supporting users to achieve the goal. Our study was approved by 
the university’s Institutional Review Board (IRB). 

4.1.2 Experiment Design and Data Analysis. We conducted an on-
line survey-based experiment via a professional survey company 
with 500 participants (248 women; age: M = 43.7, SD = 13.4). In the 
survey, the order of scenario 2 (fxed margin) and scenario 3 (ran-
dom margin) was randomized in order to minimize possible order 
efects. The participants were compensated with approximately 4.8 
USD afterwards. 

From the survey, we frst analyzed how the participants rated 
the outcome across the three scenarios, particularly focusing on 
the diference in ratings when the outcome was within the good 
enough zone. Then, we counted the number of participants who 
thought their target goal had changed to reaching the good-enough 
zone and then examined what the appropriate size of margin to 
support the goal achievement would be. 

4.2 Results 
4.2.1 Goal Achievement Assessment. Figure 3 shows the self assess-
ment results on the number of steps based on the goal. Here, we 
present our results in a ascending order with the lowest step count 
(i.e. 105% of the baseline steps) on the left side and the highest step 
count (i.e. 135% of the baseline steps) on the right. Participants rated 
all the days that were at or above the goal (i.e. 120% of their baseline 
steps) as 5 or more points out of 7. In each scenario, a descending 
trend was found in the participant’s evaluation as the step count 
decreased. The minimum rating among the goal achievement cases 
was found on the days where the step count matched the goal ex-
actly. We had two such “exactly matched” days (Day 5 and Day 12) 
among 14 days; the average assessment scores for Day 5 were 5.34, 
5.32, and 5.31 for scenario 1, scenario 2, and scenario 3, respectively, 
whereas those for Day 12 were 5.34, 5.32, and 5.25, respectively. 
When the number of steps was below the goal, the participants’ 
evaluation dropped drastically, and continued to decrease as the 
step counts became smaller. 

We frst analyzed how participants rated step counts within the 
diferent margin settings. The daily results of the hypothetical 14-
day step counts were classifed into one of the following categories; 
(1) goal achieved, (2) mission achieved, and (3) both not achieved. 
Then for each category, we conducted the one-way repeated mea-
sures ANOVA to see how participants’ ratings difered across the 

margin settings (i.e., no, fxed, and random margin). From the anal-
ysis, there was a signifcant diference among conditions in the 
‘mission achieved’ category (F(2,1497) = 12.44, p < .001) but not 
in the other two categories, which revealed weak or no diference 
(goal achieved: F(2,1497) = 3.25, p = .04, both not achieved: F(2,1497) 
= 2.32, p = .10). Moreover, the post-hoc pairwise Bonferroni correc-
tion method for the mission achieved category showed signifcant 
diferences between when there was a margin and not (no vs. fxed 
margin: p = .004, no vs. random margin: p < .001). 

We further analyzed whether there was a diference among con-
ditions for each day. We found a statistically signifcant diference 
in assessment scores for each day in the ‘mission achieved’ category 
(Day 9, 7, 2, which are denoted as A, B, C in Figure 3, respectively) 
but not for any other day (i.e., days in the ‘goal achieved’ or ‘both 
not achieved’ conditions). As expected, the ratings for Days 9, 7, 
and 2 were higher in conditions with a margin. We hypothesize 
that this diference is due to the presence of the good-enough zone 
created by the margin, which led users to give a more positive 
rating for those days. 

To explore the pattern found in margin area, we frst examined 
two cases (Day 2 and Day 7) where the value fell within the margin 
range for both scenarios 2 and 3; the number of steps for these cases 
were Day 2 = 117.5% and Day 7 = 115% of the baseline behavior. In 
the case of 117.5%, participants rated their performance as 4.14 on 
average (SD = 1.39) when there was no margin given. The rating 
increased to 4.45 (SD = 1.29) and 4.43 (SD = 1.45) on average for 
the fxed and random margin, respectively. The one-way ANOVA 
test showed a statistically signifcant diference in the participants’ 
assessment (F(2,1497) = 7.77, p < .001) across conditions. Moreover, 
the post-hoc pairwise Bonferroni correction method also confrmed 
that the diferences between the scenario with no margin and both 
the fxed margin (t(998) = 3.65, p < .001) and random margin scenario 
(t(998) = 3.16, p = .005) resulted to be signifcant. There was no 
signifcant diference (p = 1) between the random margin and fxed 
margin scenario. A similar trend was found for Day 7 (115% of the 
baseline): the average rating in the scenario without a margin (M = 
3.81, SD = 1.48) was signifcantly lower than the average ratings 
in the fxed margin (M = 4.29, SD = 1.43) and random margin (M 
= 4.34, SD = 1.49). Not only was there a noticeable increase in the 
ratings, but the change in average rating from below 4 points to 
over 4 points was especially meaningful. The cutof point of success 
in our survey was 4 points, as ratings above 4 were considered as 
success and ratings below 4 as failure. This meant that the same 
step count could be perceived as success or failure based on the 
existence of a margin. 
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Figure 3: Self-assessment results on the step counts towards the goal. The three scenarios that showed statistically signifcant 
diference were labeled as A, B, and C in the fgure. The step counts in the latter two cases (B and C) fell within the margin 
range for scenarios 2 and 3 whereas those in the frst one (A) were within the good-enough zone for only scenario 3. 

In addition, there was another interesting case (Day 9) where the 
step counts were within the good-enough zone for only the scenario 
with a random margin. This particular instance, which was 110% of 
the baseline, was considered as mission failure in the fxed margin 
scenario, since it did not fall in the 5% margin region. However, 
it was counted as mission success in the random margin scenario 
because a 10% margin was given for that day. Participants rated the 
outcome superiorly in the random margin scenario (M = 4.06, SD = 
1.53) compared to in the no margin scenario (M = 3.66, SD = 1.54) 
and in the fxed margin scenario (M = 3.56, SD = 1.53). Consistent 
with the observations from Day 2 and Day 7 cases, participants 
tended to evaluate the outcome in a positive way when the steps 
were in the good-enough zone, and they even assessed the result 
as higher than 4 points. The diference was statistically signifcant 
through the ANOVA analysis (F(2,1498) = 14.95, p < .001), as well 
as the post-hoc Bonferroni correction method for both no margin 
(t(998) = 5.75, p < .001) and fxed margin scenario (t(998) = 4.12, p < 
.001) compared to the random margin scenario. 

Regarding the result, we observed similar results when the data 
were normalized for each individual to adjust the individual difer-
ences. After the min-max normalization on the participants’ ratings, 
the three days showed statistically signifcant diferences in the 
participants’ assessments when conducting the one-way ANOVA 
(Day 2: F = 6.26, p = .002, Day 7: F = 21.27, p < .001, Day 9: F = 
17.95, p < .001). Also, there was a lack of explanation on why the 
random margin showed the lowest ratings on the rightmost 7 days 
from Figure 3. It appeared that the participants focused more on 
the good-enough days, and the goal-achieved days might not have 
stood out as much. 

4.2.2 Goal Perception Changes. The majority of the participants 
responded that their target goal would still be the goal set by the 
coach even when a margin was given. Among the participants, 
58.2% answered that their goals would not be changed from the 
original goals even though a fxed margin was provided. In the 
scenario with a random margin, 57.4% of the participants showed 
the same responses. We posit that participants’ responses on goal 
perception could depend on the margin size. More than 70% of 
participants (n = 356 out of 500) said that an appropriate margin 
size would be 0–10% of their baseline steps. Specifcally, 38.0% of 
participants chose 0–5% of their baseline as a proper margin and 
33.2% of them chose 5–10%. The other options were chosen in order 
of 10–15% (13.2%), 15–20% (5.4%), and >20% (10.2%). 

5 STUDY 2: FIELD EXPERIMENT 

5.1 Methods 
5.1.1 System Design. To understand real-world user experiences, 
we designed FlexCoach, a coaching system that aims to improve the 
physical activity of users by setting a goal for daily step counts along 
with a ‘mission’, a margin-based evaluation criteria. This mission 
distinguishes FlexCoach from existing pedometer applications that 
simply check whether the number of steps is above the goal. 

FlexCoach is composed of two main parts: (1) activity data collec-
tion and (2) feedback on the user’s outcome. Activity data collection 
is composed of a health application that collects step counts auto-
matically and a web page through which users report their own 
steps every day. We used Samsung Health as a step counts collector 
since this application is widely used among Android users with 
more than a billion downloads and is easy to use for goal setting 
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Figure 4: User Interfaces of FlexCoach: Activity data collection 

as well as checking daily steps. In addition, the number of steps 
is shown in real-time in the notifcation drawer so that users can 
check their step counts by simply swiping the status bar. 

We made a web page to collect the users’ step counts from the 
previous day, and the collected records are then sent to the coaching 
system. To report the step counts, users check their previous day’s 
steps in Samsung Health and manually enter the value on the web 
page. For the users’ convenience, FlexCoach sends a message with 
a link to this web page through KakaoTalk, the most widely used 
messenger application in South Korea. The message is sent every 
morning to inform the user of their goal, margin, and mission for the 
day, and includes the link for entering the step counts (Figure 4.(a)). 
As the users input the step counts, the number is stored in a server 
with the date and user ID. 

The user’s activity is evaluated in the second part (i.e., feedback 
on the outcome) based on the mission, which applies a margin on 
the user’s goal. After the users log their step counts from the day 
before, the server returns a daily report with (1) a badge indicating 
the mission success or failure, (2) a message about the result with 
short feedback, and (3) detailed information about the result (Fig-
ure 5). Since there are three possible results from the assessment 
(i.e., (1) mission success with goal achievement, (2) mission success 
within the good-enough zone, and (3) mission failure), we designed 
a diferent badge and message for each case. 

There are two types of badges: a checkmark on a green back-
ground for mission success and an X mark on a red background 
for mission failure. To remind the users of the original goal and 
encourage them to reach it, we added a small yellow star above 
the checkmark when they achieved the goal. Additionally, a mes-
sage was sent to the users to remind them to check the result and 
what they should do to meet the goal. If the users succeeded in 
the mission and achieved the goal on the previous day, FlexCoach 
sends a message such as “You accomplished yesterday’s mission. 
Start your day of with a refreshing walk and keep up the good 
work!” If the users failed to reach the goal, it says, “You failed to 
accomplish yesterday’s mission. Try harder to meet the goal today.” 
If the users reached the good-enough zone, then the FlexCoach 
says “You accomplished yesterday’s mission. Try harder today. You 
can reach your goal if you take 200 more steps.” For the consistency 
of interacting with FlexCoach, we designed the daily report page 
to resemble the instant messenger with the coach’s profle picture 
and the placement of messages. 

FlexCoach ofers a dashboard web page showing the weekly 
progress as shown in Figure 6. The users can browse through dif-
ferent days to review their previous daily results. In particular, the 
dashboard contains a gauge chart, which is composed of two dif-
ferent background colors, dark and light orange, to indicate the 
margin area. For example, when the users complete the mission 
successfully, the progress bar is shown in green, and the end of the 
bar would be placed within the light orange area. When the users 
fail the mission, the progress bar is shown in red, and the result is 
within the dark orange area. 

5.1.2 Participants. We recruited 57 participants (30 women; age: M 
= 23.14, SD = 7.41) for the feld experiment by posting fyers on the 
online community and Facebook channel of a large university. The 
inclusion criteria were that the participant should be an Android 
user, within the range of 19 to 64 years old, and motivated enough 
to increase their physical activity during the experiment. To assess 
whether the participants had an intention to walk more, we utilized 
the Transtheoretical Model (TTM) of behavior change [48] and 
excluded those who had no interest at all (precontemplation stage) 
or already had their own exercise plans (maintenance stage). 

5.1.3 Study procedure. Before we began the experiment, we frst 
collected the participants’ baseline step count since FlexCoach set 
the goal and margin based on that value. For participants who used 
step count applications, their average number of steps over the last 
20 days was used as their baseline. If a participant did not have this 
data, we collected 5-day step counts with a pedometer application 
after asking them to behave as usual. After the establishment of the 
baseline for all participants, we randomly assigned the participants 
into three groups (i.e. groups with no margin (control), fxed mar-
gin, and random margin). We conducted the experiment using a 
between-group design, while the mean values of age, TTM stage (2: 
contemplation, 3: preparation, 4: action), and baseline steps were 
similar from one another. In addition, each participant’s goal was 
calculated by multiplying the baseline by 120% (i.e., 20% increment) 
then rounding the numbers to the nearest hundreds place. 

We had online introduction sessions for each group where we 
explained how FlexCoach works. For the no margin (control) group, 
no information on margin was given, and the participants were 
only told that they would be evaluated based on whether they met 
the goal. They could also receive two types of badges; the red X 
mark and the green checkmark with a star above. To participants 
in the two margin groups, we explained how a margin works and 
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Figure 5: User Interfaces of FlexCoach: Daily report 

Figure 6: User Interfaces of FlexCoach: Dashboard 

how it would be given to them. For the random margin group, we 
added that the margin would be provided with an average value 
that is 5% of the baseline, but the exact value would be announced 
each morning. 

The feld experiment was conducted for 10 days. During this pe-
riod, participants received a message from FlexCoach every morn-
ing regarding their goal, margin, and mission for that day, and 
a reminder with the same content in the afternoon. Participants 
repeated the following steps: reporting the previous day’s step 
counts, and checking the feedback message and the dashboard. Re-
garding the step counts, we explained that the participants’ records 
are stored at Samsung Health, and they will be checked to avoid 
possible issues from self-report. We did not fnd any participant 
who falsely reported the record. After the experiment period, we 
conducted a post-survey to see what their goal was during the 
experiment and what they viewed as an appropriate size of the 
margin. We conducted semi-structured online interviews with 19 
participants from the two margin groups (10 from fxed margin, 
9 from random margin), where we asked about their experience 
using FlexCoach. 

5.1.4 Compensation. Participants were given approximately 30 
USD for participating in the 10-day feld experiment. They were 
also informed that they would receive 0.4 USD for each day they 
accomplished the daily mission. Prior studies documented the posi-
tive efects of fnancial incentives on encouraging physical activi-
ties [19, 44]. As recent HCI studies explored fnancial incentives in 
systems design [3, 52], we provided these micro incentives, with 
an amount that is comparable to that in prior studies [19, 44]. Re-
garding this additional compensation, the possibility of giving it to 
participants who were in the control group might be less than that 
of the other groups. However, the issue was minimized by limiting 
the amount of the incentive; the additional compensation for the 
mission accomplishment was only 1.3% of the baseline payment, 
and most participants responded that additional incentives did not 
infuence their motivation. Additionally, each participant was paid 
8.5 USD for the interview. 

5.1.5 Data Analysis. For the quantitative analysis, we frst set three 
metrics – goal achievement rate, goal success days, and mission suc-
cess days – to assess the participant’s physical activity and compare 
the three groups’ results. Goal achievement rate was calculated per 
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Figure 7: Physical activity statistics 

day through dividing the total steps by the goal. The number of 
days the participants achieved their goals or completed the mission 
during the experiment period was defned as goal success days 
and mission success days, respectively. In addition, we conducted a 
post-hoc analysis on how many days each participant successfully 
achieved a certain level of steps. This evaluation method is com-
monly used in statistical process control. We analyzed the results 
for three levels - 95%, 90%, and 83% of the goal - to see whether 
the participants’ performance was ‘in control’ state when using 
a boundary of fxed margin (5%), maximum margin in the study 
(10%), and baseline steps (17%, which is (120-100)/120). This anal-
ysis aimed to see whether the margin may infuence not only the 
goal achievement but also the consistent behavior near the goal, in 
terms of quality control. 

Before analyzing the data, we excluded the data of three partici-
pants whose average daily steps were more than fve times or less 
than one ffth of their goal value (i.e., the baseline did not represent 
their usual behavior well) or who did not check the messages from 
FlexCoach and reported their records too late. After the exclusion 
of outliers, 54 participants were equally assigned to three diferent 
groups (i.e. no margin, fxed margin, and random margin group) 
consisting of 7, 13, 9 women respectively. The participants were 
distributed to each group as the following: age (M = 22.22, 23.72, 
23.89; SD = 3.49, 9.25, 8.95 respectively), TTM stage (M = 2.50, 2.39, 
2.67; SD = 0.62, 0.70, 0.69 respectively), and baseline steps (M = 
5998, 5744, 5891; SD = 3112.23, 3008.71, 3720.74 respectively). Re-
garding the interview data analysis, we transcribed the recorded 
data and conducted a content analysis on the following areas; (1) 
overall user experience on margin-based goal evaluation, (2) goal 
perception and behavioral engagement, (3) appropriate margin size, 
and (4) roles of badges. For each area, we reviewed the transcribed 
data a few times and collaboratively identifed the major categories. 
The interview quotes of each participant were marked with the 

participant’s number (e.g., P07) and a letter indicating the margin 
condition (e.g., B=Baseline, F=Fixed, R=Random). 

5.2 Results 
5.2.1 Limited Influence of Margin on Physical Activity. We analyzed 
the goal achievement rate, goal success days, and mission success 
days across diferent groups (Figure 7). We found that there were no 
signifcant diferences in the three metrics across diferent groups. 
Since the data were not normally distributed, we conducted Kruskal-
Wallis tests. The p-value of each metric (i.e., goal achievement rate, 
goal success days, and mission success days) was given as .72, .78, 
and .35, respectively. 

The goal achievement rate was slightly higher with a margin, but 
no signifcant diference was observed. Participants in the control 
group achieved 102.55% of the goal on average (SD = 21.93, Median 
= 97.62%) whereas those in the fxed and random margin group 
reached 103.56% (SD = 41.63, Median = 98.57%) and 109.58% (SD 
= 35.36, Median = 107.07%), respectively. Goal success days had 
similar tendencies, but no signifcant diference was observed. The 
number of days that participants achieved the goals during the 
10-days experiment period was 6.06 days on average (SD = 2.29). 
However, participants in the fxed margin group reached the goal 
5.39 days on average (SD = 2.91), which was slightly lower than 
the control group’s 5.67 days (SD = 2.72). Considering the sample 
size and the distribution of the samples in each group, we also 
compared the median of the goal success days. The result showed 
that the random margin group performed the best in goal success 
days, followed by the fxed margin and the control group. (7, 6, 5 
days, respectively) 

When it comes to the mission success days, there was only a 
slight diference (but not signifcantly diferent) among the groups 
owing to the participants who only reached the good-enough zone. 
For the fxed margin group, participants completed the mission 
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Group 
No Margin 
Fixed Margin 
Random Margin 

Goal Count 
5.67 (2.72) 
5.39 (2.91) 
6.06 (2.29) 

95% Count 
5.89 (2.50) 
6.22 (2.67) 
6.94 (2.13) 

90% Count 
6.28 (2.37) 
6.44 (2.64) 
7.22 (2.07) 

83% Count 
6.61 (2.30) 
6.83 (2.43) 
7.44 (1.85) 

Table 2: Days of performance ‘in control’ 

6.22 days on average (SD = 2.67), and the random margin group 
succeeded for 7 days on average (SD = 2.28). Diferences between 
the days of mission success and those of goal success showed the 
days when the participants completed the mission but failed to 
reach the goal. This value was 0.83 and 0.94 days for the fxed and 
the random margin group, respectively. 

In terms of whether the outcome is ‘in control’, we compared 
the number of success days across diferent groups (Table 2). We 
did not fnd any statistically signifcant diferences, but there was 
a tendency that groups with a margin had slightly more success 
days compared to the control group. When the criterion of success 
was to achieve 100% of the goal, the smallest value (5.4 days on 
average) was found in the fxed margin group as mentioned earlier. 
For evaluations with a lower standard of success (e.g., 95%, 90%, 
or 83% of the goal), we found that the random margin had the 
highest number of successful days on average, followed by fxed 
margin, then the control group. For instance, when we counted the 
outcomes of more than 90% of the goal as success, the participants 
in the random margin group succeeded for 7.22 days whereas the 
fxed margin group and the control group did for 6.44 and 6.28 days, 
respectively. In addition, this trend continued when we counted 
any record above the usual step counts (i.e. 83% of the goal) as a 
success. Random margin condition had an average of 7.44 days, 
Fixed margin had 6.83 days, and the control group had 6.61 days. 
Further studies with larger sample sizes are required to fnd whether 
margin-enabled evaluation results in a high number of ‘in control’ 
and ‘success’ cases. 

5.2.2 Overall User Experiences on Margin-based Goal Evaluation. 
Participants named the reduced stress, the recognition of their 
efort, and the lower entry point after a relapse as the main benefts 
of having a margin as they strived to reach the goal. The primary 
efect of the margin was reducing stress and pressure during the 
goal achievement process as the margin provided a “safety net” 
for them. When only the goal was given, participants felt a lot 
of pressure to reach the given number of steps as P17-F refected, 
“Although I knew it was nothing more than the goal, I felt like I must 
achieve the goal, so it was kinda challenging for me.” However, when 
a margin was given around the goal, participants were “less worried 
about failing the mission. I could enjoy the activity itself rather than 
being obsessed with the number of steps” (P01-R). P12-R similarly 
stated, “I was less anxious about failing the mission because I thought 
of the margin as having a ‘safe zone’ not to be evaluated as a failure.” 

Next, they highly appreciated that they were recognized for their 
eforts in their interactions with the coach. P09-R shared, “I liked 
how the coach evaluated my partial accomplishment as a success 
because I would have been demotivated by the fact that I failed to 
achieve the goal of the dichotomous evaluation.” Thirdly, participants 
answered that they did not give up completely due to the existence 
of the margin, thinking ‘Let’s achieve at least the minimum steps of 

the mission success.’ They believed that the margin would help them 
exercise steadily in the long term and “help foster a behavior change 
because having the margin would decrease the amount of failure 
experienced when a person is demotivated or too busy to achieve the 
goal.” (P13-F). 

Two participants mentioned that the presence of the margin may 
interfere with the process of achieving the goal since they were 
content with the good-enough zone and perceived it as one of the 
goals. However for the majority of the participants, the lowered 
pressure to reach the goal did not lead to a lowered self-expectation 
or motivation: “I still tried my best to achieve the goal even if I 
felt less pressure because of the margin” (P10-R). Thus, participants 
continuously strived to reach the original goal contrasting our 
initial concern that participants’ internalized goals could change 
to entering the good-enough zone instead of achieving the goal. 
The next section further explains the unchanged perception of the 
target goal. 

5.2.3 Goal Perception and Behavioral Engagement. Throughout the 
experiment, participants mostly perceived the initial goal the coach 
assigned them (i.e., 120% of their usual steps) as their own goal, even 
though they were aware of how the margin-based evaluation works. 
In the post-experiment survey, participants who answered that they 
mainly focused on the assigned goal by the coach were 78.9% and 
94.4% from the fxed and random margin, respectively. Participants 
mentioned their satisfaction when they reached the goal as the 
main reason why they targeted the goal given by the coach instead 
of the good-enough zone. Even though they were given a positive 
evaluation and additional compensation once within the margin, 
the majority of the participants “didn’t think of the good-enough 
zone as a complete success” (P16-F). As such, they aimed to reach 
the goal once they were within the margin since only a little more 
efort was required: “I only had a margin of 275 steps, so I would 
rather achieve the goal than achieving the good-enough zone” (P07-F). 

Interestingly, some participants intentionally set their goal high 
so that they could at least achieve the good-enough zone. P10-R 
explained that “I always attempted to achieve the goal because, in 
that way, even if something came up, I could at least achieve the 
mission.” In some cases, however, participants settled for falling 
within the good-enough zone rather than achieving the goal as they 
did not fnd the activity to be very important. P06-R hypothesized 
that “I would have put more efort into goals if the goal was important 
to me like applying for colleges. I realized this goal of walking more 
was not that important to me, so I decided to achieve the mission, not 
the goal.” 

Most of the participants were eager to reach their goal and even 
tried many diferent ways such as reducing transportation usage, 
taking the stairs more, and taking a new, longer route to walk 
more to reach the goal. Then they checked their step counts in the 
evening and tried to achieve the goal when possible if they have 
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not yet. P13-F followed this pattern and said “I usually checked up 
on my step counts after I got of from work. I went for a walk or run if 
I have not achieved the goal.” However when participants realized 
there were too many steps remaining to achieve the goal by the end 
of the day, they began to take account of the margin and modifed 
their target into entering the good-enough zone although their 
initial target was the coach-provided goal: “I didn’t have enough 
time to walk at the end of the day to achieve the goal, so I shot for the 
good-enough zone” (P16-F). P09-R also “looked again at the message 
the coach sent to check the margin when [they] fgured it would be 
hard to achieve the goal.” In this situation, participants started to 
take into account the provided margin, which they did not value 
high or important initially, and closely tracked the number of steps 
left. Some participants adjusted their goals due to the physical 
limitations they faced while achieving them, such as fatigue after 
work or pain while walking. P01-R explained, “I wanted to do my 
best, but I had to give up achieving the goal and use the margin 
because my feet were so sore.” 

The main reason they still tried to achieve the good-enough 
zone even under unavoidable circumstances was that they at least 
wanted to feel gratifed by their results and be acknowledged by 
the coach for what they have done. Though it was not the goal they 
had tried to achieve, they “worked hard to get in the good-enough 
zone to feel a sense of accomplishment when it was nearly impossible 
to achieve the goal” (P08-F). Participants also noticed that the coach 
evaluated their performances, so they wanted to be recognized by 
the system as P09-R stated, “I didn’t give up because I knew the coach 
was tracking my record.” Similarly, P01-R said “I tried to reach the 
good-enough zone because the coach recognized my efort even in the 
difcult situation.” 

Participants thought being in the good-enough area was a partial 
success (“Though the coach evaluated my performance as a success, I 
did not feel like it was a complete success since the dashboard indicated 
94% instead of 100%.” - P02-R). However, they “preferred the coach’s 
evaluation criterion compared to that of other systems in that it ac-
knowledged how hard they tried to reach the goal even in the tough 
situations” (P12-R). P08-F shared their sentiment that “I would feel 
bad about myself if I couldn’t achieve the goal even with my best shot, 
but I felt like I was getting a pat on my back for my efort.” Along the 
same line, P04-F said that “If the system evaluated the good-enough 
zone as a failure, I would have felt discouraged and worried about 
failing on the following days.” Thus when the participants’ outcome 
was evaluated as ‘mission success,’ they also positively evaluated 
their results and maintained their motivation to reach the goal. 

5.2.4 Appropriate Margin Size. According to the post-experiment 
survey data, most participants responded that 5–10% of their goal 
would be an appropriate size of the margin. Many participants in 
both margin conditions (42.1% in fxed margin, 55.6% in random 
margin) chose 5–10% of the goal to be the most appropriate size 
of a margin. They hypothesized that if the margin size was too 
large or small, it would hinder them from achieving the goal. More 
specifcally, when the margin was too broad, they would be more 
likely to settle for the mission within the margin instead of reaching 
the goal as a signifcant amount of extra efort would be needed. 
P19-F explained that having a wider margin “would certainly lower 
the burden of pressure, but I think there will be times when I start 

taking the margin for granted and become lazy.” Similarly, P06-R 
said “I may think I don’t have to achieve the goal anymore when I am 
already in the good-enough zone.” On the other hand, participants 
commented that “if the given margin is too small, it wouldn’t feel 
very diferent from the traditional binary evaluation of success or 
failure. So I think the pressure of achieving the goal would come back” 
(P01-R). Thus, having an appropriate margin size was found to 
be an important factor in encouraging people to accomplish their 
goals. 

Participants had a variety of diferent opinions on receiving ran-
dom margins from the coach. Given a diferent margin every day, 
one participant said it “felt like a real person was training me, and 
it was fun. It was like a real coach reducing the number of repeti-
tions when I say it is too hard during the personal training” (P09-R). 
Another participant “enjoyed having a randomized margin because 
[they] paid more attention to what the coach had to say every day” 
(P10-R). Thus, receiving a random margin gave participants the 
impression of interacting with a human coach and made their in-
teractions with FlexCoach more entertaining. In addition, many 
participants reported that they focused mainly on their goal instead 
of the margin area because they could not keep track of the varying 
margins. P14-R elaborated that “If I had a fxed margin, the value 
of the margin would have stuck in my head the whole time, which 
would have lowered my ultimate goal to the good-enough zone.” 

However, they felt it was important to inform users on how 
the coaching system might have decided the randomized margin. 
People even suggested diferent ways of deciding the margin size: 
“I wasn’t sure what determined the margin I had on that day. It would 
be more understandable if the coach adjusted the margin depending 
on physical abilities.” (P02-R). Another participant suggested giving 
out “a margin depending on what kind of days I was having. Maybe 
I had a hectic day or spent most of a day seated” (P15-R). 

5.2.5 Roles of Badges. Badges played a signifcant role in signaling 
success and achievement as participants checked on their results 
via daily reports and dashboards. The visually distinct badges for 
three outcomes (i.e. goal achievement, mission success, mission 
failure) provided a visual summary of their achievements while 
increasing their motivation to reach the goal. Participants tended 
to walk more to earn a green checkmark because they “felt pretty 
bad about getting a [red] X mark” when they failed to achieve the 
goal (P06-R). The design choice of indicating the good-enough zone 
with a checkmark also had an impact on how they perceived their 
outcome as P02-R remarked, “I didn’t think I did too bad on it because 
I technically did achieve the mission. The badges motivated me to 
walk more because I didn’t want to end my success-streak.” 

While viewing mission success positively, the majority of partic-
ipants commented that diferentiating badges between achieving 
the goal and achieving the good-enough zone with a star was still 
efective. One person noted that “I could easily recognize the days I 
achieved the goal by looking at my badges, and I was content with 
that” (P01-R). Others even responded that they did not think of 
a checkmark (without a star) as a complete success, so they tried 
to get a badge with a star, if possible. They mentioned that hav-
ing a star was “visually diferent” leading them to feel proud of 
themselves (P10-R), and that they enjoyed the process of collecting 
badges (e.g., “I like collecting things in general, so I wanted to feel 
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some type of satisfaction by achieving the goal and receiving the 
badge with a star” (P17-F)). 

6 DISCUSSION 

6.1 Summary of Key Findings 
In this study, we introduced a ‘margin-based goal evaluation frame-
work’ and explored how users would perceive and react to this 
concept. We aimed to anchor the user’s goal without the confusion 
resulting from multiple goals, and this diferentiates our approach 
from previous works using dual goals or a secondary goal for be-
havioral change. This seems in line with our result showing that 
most participants perceived the goals given by FlexCoach as their 
own regardless of the presence of a margin. If we use the traditional 
dual goal concept set by the users, the users still would not be free 
from binary judgment (i.e., a hard threshold dividing success and 
failure) in each goal and could set a secondary goal that is arbitrary 
or has a large gap from the primary one. However, our evaluation 
criterion recognizes a user’s efort based on the closeness to each 
goal, and it ofers a system-driven, ‘constrained freedom’ by con-
trolling the fexibility of evaluation. In this sense, our approach 
could be interpreted as a digital commitment device for behavior 
changes [27, 28], where a user sets a behavior change goal, but its 
evaluation is delegated to the system. 

Our results clearly showed the feasibility of margin-enabled 
coaching for behavioral changes. The key fnding is that there was 
no signifcant diference in the participants’ perception of the goal 
even with a margin. While the margin did not play a primary role 
in the goal achievement process, it served as an auxiliary com-
ponent that lowers goal barriers, by provisioning a psychological 
bufer [55]. In Study 1, less than half of the participants reported 
the change in goal perception (41.8% for fxed margin, and 42.6% 
for random margin). In Study 2, the change in goal perception was 
signifcantly lower: 21.1% for fxed margin, and 5.6% for random 
margin. Our interview results showed that most participants did not 
lower their expectations, and they tried to reach the good-enough 
zone only as a contingency plan. In Study 2, the real-world usage 
of margin-based coaching for 10 days helped our participants to 
better understand the margin size. FlexCoach repeatedly explained 
their goal, margin, and mission. This repetitive explanation could 
have helped them to reinforce the distinction between the goal and 
the mission. 

Margin-enabled coaching provided several positive user expe-
riences to our participants: reducing the pressure on meeting the 
goal, preventing them from giving up completely, and motivating 
them to keep continuing by recognizing their eforts. Many partici-
pants mentioned that ofering a margin is like a human coach who 
makes a fexible evaluation considering the participants’ capability 
or situation. In other words, the ‘human-like’ characteristic was 
found from the existence of the margin itself, rather than some-
thing that needed to be added or implemented for the efectiveness 
of the margin-based evaluation. This human-likeness was one of 
the main reasons for stress reduction. A prior study reported that 
human-like features could possibly increase social engagement with 
an interactive system [38]. It would be benefcial to incorporate 
human-like fexibility in a goal setting process [50], which could 

possibly increase trust in a virtual coach as a social actor for behav-
ioral changes. Furthermore, margin-enabled coaching lowered the 
burden of negative evaluations on goal failures. Negative feedback 
is known as a major demotivator of self-tracking tool usage [5, 16]. 
A margin can possibly lower the chances of goal failures (or prevent 
potential lapses), which helps to reduce the possibility of goal aban-
donment. Interestingly, positive feedback of success could induce 
another strive for seeking goal achievement. 

6.2 Design Implications 
As the frst step toward examining the feasibility of margin-based 
evaluation, our work considered only one predefned margin rate 
(5%) associated with physical activity goals and two diferent mar-
gin allocation strategies (fxed and random margin). We leverage 
the existing goal setting dimensions [50] to further explore the 
design space of margin-enabled coaching: (1) goal properties (i.e., 
difculty, specifcity, and proximity), (2) process components (i.e., 
progress feedback, and achievement rewards), and (3) goal setting 
sources (i.e., self-set, assigned, guided, or group-set). In the follow-
ing section, we discuss the design of margin-enabled coaching: (1) 
margin selection strategies, (2) margin adaptation opportunities, 
and (3) progress-centered coaching with margins. 

6.2.1 Exploring Margin Selection Strategies. The frst step of mar-
gin enabled coaching is the selection of a proper margin size. Con-
sidering the goal setting dimensions [50], we argue that margin 
selection should carefully consider two aspects of goal setting di-
mensions: goal setting properties and sources. A margin is mostly 
useful when a goal is specifc (e.g., reaching 7,000 steps per day) 
and thus, we mainly consider the difculty and proximity of goals. 

Prior goal setting studies showed that too easy or too challenging 
goals are less efective [43]; for example, stretch goals may cause 
side-efects such as unethical or risky behaviors and psychological 
costs of goal failures. In our work, we only considered a moder-
ate difculty level (i.e., 20% increment from baseline step counts). 
We can show that difculty level selection (e.g., easy, moderate, 
or difcult goal) is closely related to associated margin selection 
(e.g., narrow, moderate, or wide margin). Various combinations of 
goal-margin selection are feasible, and thus, existing goal setting 
fndings may not be directly applicable to such settings. For exam-
ple, a difcult goal could be considered as less challenging if a wide 
margin is given. 

Let us say that a baseline state is denoted as B, and a user’s goal 
as G with α% improvement: i.e., G = B∗(1+α). This equation tells us 
that the gap between the goal and the baseline condition is simply 
given as G − B = B ∗ α . Let M denote the margin. We assume that 
this gap should be greater than an associated margin; otherwise, a 
user can go below the baseline condition, which may nullify goal 
setting. This permissible margin assumption can be represented as 
B−G = B∗α ≥ M . This equation shows that the target improvement 
factor α from the baseline B is the key determinant of permissible 
margin size. We can further defne an additional factor β to control 
a possible range of M as in M = β ∗ Bα—the higher the β the larger 
is the size of a margin. Thus, we can control two parameters, i.e., 
α (improvement factor) and β (margin factor) for goal setting and 
associated margin selection, respectively. 
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Along with these variable selections, we can additionally con-
sider temporal proximity in goal properties and goal setting sources 
(e.g., self, others, and guided). In terms of temporal proximity, it is 
possible to consider setting diferent periods for goal achievement 
(e.g., achieving 5 minutes of physical activity per hour; or achieving 
5 hours of physical activity per week). Again, we can easily show 
that our margin selection model can be directly applied to diverse 
temporal proximity cases. For goal setting sources, it is interesting 
to show that our model allows us to systematically explore pos-
sible goal-margin ranges, by varying α and β values. Given that 
users prefer collaborative goal setting [13], this can be extended to 
margin selection as well. A margin-enabled coaching system can 
recommend users a set of possible goals and permissible margins 
associated with a chosen goal, and a user can choose a preferred 
goal and margin. 

6.2.2 Seeking Margin Adaptation Opportunities. As shown earlier, 
a less than optimal goal (e.g., too easy or too difcult) may be de-
motivating. A possible approach of dealing with this issue is to 
adaptively change goals based on a user’s performance [1, 25]. For 
example, Konrad et al. [25] showed that for stress intervention, 
dynamically adjusting a user’s goal based on a previous day’s per-
formance (i.e., increasing difculty upon success, or decreasing 
difculty upon failure) helps to maintain compliance with app us-
age, and this resulted in better stress reduction over time. In the 
random margin case, a diferent margin was assigned to the partici-
pants every day. Interestingly, some participants wondered whether 
the margin size was set based on their performance. In addition, 
most participants attributed human-like coaching to varying mar-
gin assignments. With margin-enabled coaching, it is possible to 
consider “margin adaptation” along with the goal adaptation. For 
example, a challenging goal or stretch goal is initially set, and a 
wide margin is permitted to encourage participants to try. After 
several rounds of “mission success” we then can decrement the 
margin, and this will help to gradually improve a user’s overall 
performance. Furthermore, as in adaptive goal setting [1, 25], we 
can increment the margin upon successive mission failures. Unlike 
traditional approaches of goal adaptation where a goal is a moving 
target, in our case, a goal is fxed, but the margin is adaptively 
changing. Margin adaptation can be incorporated into goal adapta-
tion while using diferent time scales. For example, a daily goal is 
adjusted on a weekly basis, and a daily margin can be adjusted daily 
(by considering a user’s performance on a previous day). Instead of 
frequently changing goal targets, margin adaptation allows users 
to maintain the same goal for a fxed period of time, and yet ofers 
fexibility in performance evaluation. 

6.2.3 Progress-Centered Coaching with Margins. Margin-enabled 
coaching has two evaluation mechanisms: mission evaluation and 
goal achievement. Our experimental results showed that this separa-
tion did not infuence a user’s goal perception, thanks to “progress-
centered coaching.” We basically leveraged the anchoring efect in 
that despite mission success, participants were informed that the 
goal has not been achieved yet. In addition, goal achievement is 
presented diferently via using an additional badge (a checkmark 
with a star). This diference in the presentation and framing of goal 
and mission distinguishes a goal of 10,000 steps with a margin of 
500 steps from a goal of 9,500 steps. A goal process model [50] 

identifed two critical components related to goal achievement: i.e., 
progress feedback and achievement rewards. We can confgure 
progress feedback and reward assignments to promote progress-
centered coaching. In our scenario, progress feedback was given, 
when we informed the current step counts and evaluated mission 
success and goal achievement. We further ofered badges and fnan-
cial incentives as achievement rewards. Our results clearly showed 
that it is important to anchor target goals when a system provides 
progress feedback. In addition, we can consider distributing a set 
of rewards over two evaluation criteria: mission success and goal 
achievement. For example, monetary rewards and a default badge 
can be given upon mission success. Additional recognition, such as 
a star badge and praising messages, can be provided. 

6.3 Limitations 
Our experiment results clearly showed the feasibility of margin-
enabled coaching in that adding a margin did not harm the goal 
achievement. Despite a lack of a signifcant efect, we could fnd a 
possibility of managing the lapses from the behavior change with 
a permissible area when evaluating the outcome. The interview 
responses showed that the fnding was not limited to the users’ 
emotional change but also afected their strategies to reach the goal. 
This prompts for future work with a larger sample size and longer 
study period to systematically investigate the efect on margin-
enabled coaching compared to other methods. 

In addition, it is required to validate the efect of margin-based 
evaluation in comparison with diferent goal setting strategies for 
behavioral change. Our aim for this work was to gain a basic un-
derstanding of the new ‘margin-based goal evaluation framework,’ 
its efectiveness, and its user experience. Thus, we only used the 
traditional static, single-goal as the baseline for this study so that 
we could control confounding factors such as the number of goals 
and the agent of evaluation. However, tuning the various parame-
ters as described in our discussion would be an interesting future 
work. We may also consider who sets the goal and margin (e.g., 
based on the experts’ guidelines, by system with certain criteria, 
or by the users’ own decision) to extend this study. After that, we 
could establish its benefts, and further examine its efectiveness 
compared to other superior approaches in the future. 

7 CONCLUSION 
We introduced a fexible evaluation system that allows some mar-
gin where a user’s outcome would be considered as “good-enough” 
even though the user fails to reach the goal. Our goal was to explore 
how the margin-based evaluation afects the user’s perception of 
her or his goal and goal achievement and how it infuences the user 
experience of goal setting and achievement evaluation in the real 
world. Results from our study showed that the margin-base evalua-
tion makes users evaluate themselves more positively. In addition, 
we found that the margin supports goal achievement by reducing 
negative emotions and psychological efects while anchoring them 
to strive toward their goal even if the evaluation becomes relaxed. 
In this sense, our approach demonstrated the potential benefts 
from separating the goal and the evaluation criteria, by helping 
users continue their efort even when they faced lapses and small 
failures during their behavior change. However, further studies are 
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required to investigate whether this concept infuences the user 
behavior. 

Margin-enabled coaching made the frst step toward progress-
centered, human-like coaching that can guide behavioral change 
more fexibly. We expect our evaluation system to be extended with 
several practical design implications such as margin selection and 
adaptation, and it could be studied further in the HCI feld to better 
support the user’s behavior change. 
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