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People can use social or personal information as a reference point against which they
compare their performance. While previous research has shown that reference point
choice can be affected by individual characteristics, situational factors, and goals,
we suggest that properties of the performance feedback itself can also play a role in this
choice. We focus on the effects of round vs. precise numerical feedback on reference
point preferences. In three studies, we show that people are more likely to use themselves
as a reference point to evaluate their performance following a feedback in the form of a
round score (e.g., a score of 70 in a task) and to use others as a reference point following
a precise score (e.g., a score of 71). Study 1 shows decreased interest in comparisons
with others following round rather than precise feedback. Study 2 shows that round (vs.
precise) feedback also increases actual choice of the self (vs. others) as a reference point.
Study 3 demonstrates that the effect of the numerical feedback on reference point
preferences extends to the choice of a benchmark for future comparisons. We discuss
the implications of our results for the literature and practice, including how this can be used
to encourage desirable behaviors.

Keywords: reference points, numerical information, numerical roundness, temporal comparisons, social
comparisons, self-evaluation, feedback

INTRODUCTION

Imagine downloading a trivia app and taking a couple of quizzes. How would you determine
how well you did? One possibility is to find out how other app users performed on the quiz,
and compare your achievement to theirs; another would be to focus on your own progress
and achievements. Would a round vs. a precise quiz score affect your choice of reference point?

People can evaluate themselves based on feedback that they receive regarding their skills,
performance, and actions (Ashford, 1986; Ashford and Tsui, 1991; Anseel et al., 2007). To
interpret the feedback, people can rely on objective information. They can also perform social
comparisons, gauging their performance by using others as a reference point (Festinger, 1954;
Suls and Miller, 1977; Suls and Wills, 1991; Moore and Klein, 2008), or use themselves as a
reference point and compare their current performance to an earlier one (Albert, 1977; Wilson
and Ross, 2001). We suggest that the roundness vs. precision of a numerical feedback (e.g.,
a score of 70 vs. a score of 71) affects the choice of a reference point.
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THEORETICAL BACKGROUND AND
HYPOTHESES DEVELOPMENT

Reference Points for Feedback
Interpretation: Others vs. Oneself

Feedback plays an important role in self-evaluation processes,
providing information about where one stands and how one
is doing with respect to a pursued goal (Ashford and Tsui,
1991; Anseel et al., 2007). For example, students use test scores
to get feedback on their achievements and learning outcomes
(Wisniewski et al., 2020), and employees seek feedback on
their work performance (De Stobbeleir et al., 2011; Su et al., 2019).

At times, the received feedback allows for objective testing
of one’s performance (e.g., Klein, 2003). Sometimes, however,
feedback alone cannot provide a clear test of one’s abilities
(Festinger, 1954). For example, the number of items completed
in an intelligence test does not fully capture the test taker’s
intelligence. In such cases, comparing the feedback against a
reference point can aid in its interpretation (Festinger, 1954;
Albert, 1977). Even when the feedback is sufficient for assessment,
people may be interested in a relative perspective (Miller, 1977;
Klein, 1997). Both information about the self and about other
people can serve as a reference point against which the received
feedback is compared.

Festinger’s (1954) seminal social comparison theory views
other people as a reference point against which people evaluate
themselves. This can be rewarding if one’s social comparison
status is above average and if it is increasing over time (Zell
and Alicke, 2010). The influence of social reference points on
self-evaluation is apparent in a broad range of situations ranging
from a persons relative position in a queue (Buell, 2020) to
comparisons to attractive others (Cattarin et al, 2000).
Information about others’ performance can also affect the way
people approach certain tasks and their willingness to take
risks (Wang et al., 2016).

Sometimes, however, people forego social comparisons and
use themselves as a comparison standard. People can assess
their performance based on their personal standards, namely,
their expectations or goals (Wayment and Taylor, 1995) or
their perceived self-potential (Markus and Nurius, 1986). In
Albert’s (1977) temporal comparison theory, people can compare
their present standing to their past ones. These self-temporal
comparisons help maintain a sense of identity over time and
adjust to perceived changes of the self; self-temporal comparisons
produced a sense of progress among children and made them
feel proud of themselves (Giirel et al., 2020).

Albert (1977, p. 490) suggested that information about other
people, if available, will be preferred as a reference point for
self-evaluation over information about the self (see also Festinger,
1954). More recently, Zell and Strickhouser (2020) found that
social comparisons exert a significantly greater effect on self-
evaluations than temporal comparisons.

Nonetheless, reference point preference can vary. Situational
factors can affect the choice of a reference point; for example,
stress and uncertainty often facilitate social comparisons
(Molleman et al., 1986; Taylor et al, 1990; Gibbons and

Buunk, 1999). The specific goal of a self-evaluation process
can also affect reference point preference. Self-temporal
comparisons can be rewarding due to skills improving over
time or because past performance can be relatively easily
criticized and disparaged. Thus, self-comparisons may be more
likely to serve self-enhancement goals (Wilson and Ross,
2001; Zell and Alicke, 2009). Social comparisons, meanwhile,
may be more appropriate when people want to obtain accurate
self-related information (Wilson and Ross, 2000). Personal
characteristics can also affect the choice of a reference point.
High self-esteem, for instance, increases reliance on the self
as a source of comparison (Wayment and Taylor, 1995) as
do very young or old ages (Kulik and Ambrose, 1992). In
this paper, we investigate factors related not to the
circumstances, the person or the goal of the self-evaluation
process, but to the properties of the feedback itself, namely,
the precision vs. roundness of a numerical feedback.

Effects of Round vs. Precise Numbers
People encounter numerical information in various contexts
in everyday life. Evaluations and judgments affected by the
properties of numerical information include financial decision-
making (Isaac et al., 2020), donation behavior (Ye et al., 2021),
behavior in negotiations (Mason et al., 2013), goal pursuit
(Munichor and LeBoeuf, 2018), and product evaluations (Santana
et al, 2020). A robust finding is that people perceive and
react differently to round vs. precise numbers. Round numbers
are those that end with more zeroes, while precise numbers
end in fewer zeroes or no zeroes (Thomas et al., 2010). Inferences
about round and precise numbers can affect a range of perceptions
and behavioral outcomes.

Precise numbers often draw peoples attention and are
evaluated as credible and accurate (Santos et al., 1994; Schindler
and Yalch, 2006; Xie and Kronrod, 2012). Negotiators who
use precise numbers in their offers come across as better
informed, leading to counteroffers closer to the amount they
had named (Janiszewski and Uy, 2008; Mason et al., 2013).
Zhang and Schwarz (2012, 2013) suggested that people assume
that a communicator uses a precise number for a reason.
Because social comparisons are perceived as informative, people
could try to understand what, exactly, a precise numerical
feedback represents by checking where it stands compared to
other people’s scores.

Round numbers, meanwhile, can denote completion and
stability. Thus, people perceive energy drinks and pills that
come in round-number doses as more effective than those
whose volume was precise (Pena-Marin and Bhargave, 2016),
and negotiators are more willing to accept round offers than
comparable precise offers (Yan and Pena-Marin, 2017). People
are also more likely to select retirement investments targeted
to retirement at a round (vs. precise) age (Kalra et al., 2020)
and to pay off round-number debts (Isaac et al., 2020).

Round numbers can be seen as perceptual boundaries between
numerical categories, and people view changes that cross into
a new category as more meaningful (Isaac and Schindler, 2014;
Shoham et al., 2018). This is reflected in goal-driven behavior:
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People strive to reach round thresholds such as a sub-4-h
marathon or a round SAT score (Pope and Simonsohn, 2011;
Allen et al., 2017). A round-number performance may therefore
be seen as personally meaningful. This can encourage people
to reflect on their own progress and achievements (Wilson
and Ross, 2001). Some support for this idea can be found in
Alter and Hershfield’s (2014) research, which showed that
nearing a round age milestone inspires self-reflection and
assessment of one’s progress.

In sum, the different perceptions of round vs. precise numbers
suggest that the roundness of numerical feedback should affect
the choice of a reference point against which people assess
feedback and evaluate their performance. Round numbers can
serve as personally meaningful reference points and consequently
spur people to contrast their past and future selves (Dai et al.,
2014). Consequently, round numerical feedback should motivate
people to take a greater interest in what they achieved in the
past. Thus:

HI:Receiving around feedback score for one’s performance
will encourage temporal self-comparisons.

People assume that precise information is used for a reason
and conveys meaningful subtleties (Zhang and Schwarz, 2012,
2013). Therefore, precise numerical feedback should lead people
to try to understand exactly what the score represents in terms
of achievement. Social comparisons can serve as relatively
accurate benchmark that helps understand where one stands
in terms of performance (Festinger, 1954). Thus:

H2: Receiving a precise feedback score for ones
performance will encourage social comparisons.

MATERIALS AND METHODS

Three experiments provide support for the effect of the
roundness vs. precision of numerical feedback on reference
point preference and choice. Our experiments employ different
feedback score levels to explore the prevalence of the
hypothesized effect. This approach is based on empirical
considerations, in order to align our work with previous
research that examined effects of numerical roundness and
precision using several different values (Pope and Simonsohn,
2011; Tao et al., 2017; Hauser and Schwarz, 2019). We received
IRB approval for the procedures.

The target sample size in our studies was selected based
on previous research on the choice of reference points (e.g.,
Klein, 2003; Zell and Alicke, 2009) and numerosity (e.g.,
Xie and Kronrod, 2012; Zhang and Schwarz, 2012). Power
analyses via G*Power confirmed that our target sample sizes
provided adequate power to detect medium-sized effects
(Faul et al, 2009; Cohen, 2013; Bosco et al., 2015).
We excluded participants whose study completion time was
extremely long (suggesting a possible lack of attention
or focus).

Study 1: The Effect of Numerical Feedback
on Interest in Comparisons to Others
Participants

Two hundred and fifteen participants (57.2% female; M,,.=32.76)
from the Prolific Academic participant pool took part in the
study in exchange for monetary compensation. We randomly
assigned participants to one of four conditions in a 2 (feedback
type: round score vs. precise score)x2 (feedback score: high vs.
moderately high)' between-subjects design. We manipulated feedback
score to test the robustness of the effect across different score levels.

Procedure

Participants completed two rounds of a word identification
task and were told that they would be scored based on the
accuracy and speed of their answers. Each round included
ten lists of eleven words, revolving around a similar theme
(e.g., marine animals). The lists were presented one at a time
for 2s each. Participants then saw a word and were asked to
indicate whether that word had appeared on the list. Following
the first round, participants were reminded of the task instructions
before proceeding to round two. After completion of the second
round, participants were shown one of four scores as their
“second round score”: 80 (round moderate score condition),
81 (precise moderate score condition), 90 (round high score
condition), or 91 (precise high score condition). They then
indicated (1=“Not at all” to 7=“Very much”) their interest
in comparing their scores to that of other participants (“How
curious are you about your performance on this quiz compared
to other people’s performance”) and to their own previous score
(“How curious are you about your performance on this quiz
compared to your performance in the first quiz”). Finally,
participants completed several demographic measures and
were debriefed.

Results and Discussion

A two-factor MANOVA revealed a significant main effect for
feedback type on curiosity about others’ performance. Participants
who received a precise score in the second round were more
curious about the performance of others in the task (M=5.79,
SD=1.47) than participants who received a round score [M=5.35,
SD=1.65; F(1, 211)=4.34, p=0.038].

The effects of feedback score (high or moderate) and the
interaction between feedback score and feedback type on
curiosity about others’ performance were not significant [F(1,
211)=0.41, p=0.521 and F(1, 211) =0.08, p=0.783, respectively].
Turning to curiosity about one’s past performance, we found
no significant effect for feedback type [F(1,211)=2.52, p=0.114],
feedback score [F(1, 211)=1.30, p=0.255] or the interaction
between them [F(1, 211)=0.60, p=0.439].

Study 1 provides initial evidence that the roundness of
a numerical feedback may shift the preferred reference point
for comparison. People are less interested in using others

"Based on typical grades in scholastic and academic settings in the United States
of America (e.g., Gershenson, 2018); for brevity, we refer to these as high vs.
moderate scores hereafter.
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as a reference point when they receive a round numerical
feedback as opposed to a precise one. This pattern was
not affected by whether the score was very high or only
moderately so, pointing to the robustness of the observed
effect. Score roundness did not affect curiosity about one’s
own previous score, possibly because curiosity is not a direct
measure of preference. To address this, Study 2 examined
the effect of feedback roundness on actual choice of a
reference point.

Study 2: Choice of Reference Point as a
Function of Numerical Feedback
Roundness

Study 2 examined people’s preferences by giving participants
a choice between others and the self as a reference point.
To demonstrate the robustness of the effect, we used a new
task and precise numbers ending in digits other than 1.
We also used two different levels of precise feedback, one
higher and one lower than the round feedback. This was
done to ensure that it is numerical roundness, rather than
receiving a lower score that drives the preference for self-
temporal comparisons.

Participants

One hundred and eighty participants (59% female, M,,.=34.78)
from Prolific Academic took part in the study in exchange
for monetary compensation. Participants were randomly assigned
to one of three between-subjects conditions (round score vs.
lower precise score vs. higher precise score).

Procedure

Participants completed two rounds of a trivia quiz, with
ten multiple-choice questions in each round (e.g., “Who
was the first man to walk on the moon?”). They were told
that the score for each quiz would be calculated based on
the number of correct answers and the time spent completing
the quiz. This made intuitive sense and was also intended
to prevent participants from searching for correct answers
online and calculating their own scores. Following the first
round, participants were reminded of the task instructions
before proceeding to round two. Once they had completed
the second round of the quiz, participants read that their
score for that round was 80 (round score condition), 77
(lower precise score condition), or 83 (higher precise score
condition). We then asked participants to rate their
performance on the second quiz and told them that to help
them do so, they could choose to see either their first
round score or the average score obtained by other people
in the second round of the quiz. Due to technical reasons,
participants who chose to see their own previous score read
that it was 75, and participants who chose others’ average
score read that it was 73. In keeping with the cover story,
participants rated their performance on the second
quiz (1="“Extremely bad” to 7="“Extremely good”). Finally,
participants completed demographic measures and were
debriefed.

Results and Discussion

A logistic regression revealed no difference based on whether
the precise score was higher or lower than the round score
on the type of information participants chose to receive
[¥* (1)=0.41, p=0.523]. We therefore collapsed our data across
the two precise score conditions. Participants were more likely
to choose to receive their previous score rather than other’s
average score when their score was round (67.21%) than when
it was precise [47.90%; y* (1)=6.06, p=0.014]. Feedback
roundness did not affect performance ratings [M,ouna=4.89,
SDrouna=1.13 V5. My =5.10, SDyee=0.91, £(178)=1.39,
p=0.167).

Study 2 shows that the effect of feedback roundness extends
to the actual choice of reference point. People who received
a round score were less interested in using others as a reference
point, and more focused on their past performance, than those
who received a precise score. Because we used two different
precise scores, the effect cannot be attributed to the round
score being lower than the precise one, which might have led
to concerns about others performing better and thus hindered
self-enhancement (Wilson and Ross, 2001; Zell and Alicke, 2009).

Study 3: Numerical Feedback, Choice of
Reference Point, and Future Preferences
Study 3 provides further evidence for the robustness of the
effect of feedback roundness on the choice of a reference point
using a different task and more modest numerical feedback.
This study also explores whether the effect extends to preferences
for future comparisons.

Participants
One hundred and five participants (42.9% female, M, =32.51)
from Prolific Academic took part in this study in exchange
for monetary compensation. Participants were randomly assigned
to one of two between-subjects conditions (round score vs.
precise score).

Procedure

Participants took two consecutive geography quizzes with ten
multiple-choice questions in each round (e.g., Where is the
Cape of Good Hope located?). The procedure was otherwise
similar to that of Study 2. After completing the second quiz,
participants were shown a score of either 60 (round score
condition) or 61 (precise score condition) as their “second
round score” We again asked participants to rate their
performance on the second quiz and offered them a choice
between their own score on the first quiz and others’ average
score on the second quiz. The score shown was 55 regardless
of their choice. In keeping with the cover story, participants
then rated their performance on the second quiz (1 =“Extremely
bad” to 7="“Extremely good”). Next, they indicated how curious
they would be about how well they would perform on a third
quiz (a) compared to others and (b) compared to their own
previous performance (1=“Not at all” to 7=“Very much”).
Finally, participants completed demographic items and
were debriefed.
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Results and Discussion

As predicted and shown in Figure 1, a majority (61.5%) of
the participants who received a round score on the second
task preferred to find out how they did on the first task.
Among participants who received a precise score, the pattern
was reversed, and the majority (58.5%) chose to compare their
score to that of others [y* (1)=4.22, p=0.040].

In addition, participants who received a precise score in
the second round were more curious about how they would
perform in a future quiz compared to others (M=5.51, SD=1.40)
than participants who received a round score [M=4.63, SD=2.09;
t(103)=2.53, p=0.013]. We found no significant effect on
curiosity relative to one’s past performance [f(103)=0.56,
p=0.576]. Feedback roundness did not affect performance
ratings [M,ouna=4.33, SD\ouna = 1.49 V8. Myrecise =4.77, SDjprecise = 1.35,
#(103)=1.61, p=0.111].

Study 3 provides additional support for the preference for
self-temporal rather than other-focused comparisons following
round numerical feedback, using a lower score and a different
task. In addition, Study 3 suggests that this effect may endure
beyond the original task and affect preferences for evaluating
future performance.

GENERAL DISCUSSION

People can rely on both social- and self-comparisons in order
to interpret the numerical feedback they receive. We find that
the roundness vs. precision of the feedback affects their choice
of reference point for comparison. Receiving a precise (vs.
round) score increases people’s interest in comparing their
performance to that of other people, whether currently or in
the future, and reduces the likelihood that they will opt for
a self-temporal comparison. This effect is particularly prominent
in actual choice behavior; influence on self-reported curiosity
emerges with respect to others-focused, but not self-focused,
comparisons. The feedback precision effect is robust across
different tasks, different levels of numerical feedback, and occurs
for precise numbers just above the round score, as well as
those that are several units above or below it. Table 1 summarizes
these results.

This research offers a new perspective on reference point
preferences. Prior research on the selection between other
people and oneself as a comparison target has focused primarily
on effects of contextual factors (e.g., Taylor et al., 1990; Gibbons
and Buunk, 1999), personal characteristics (e.g., Kulik and
Ambrose, 1992; Wayment and Taylor, 1995), and personal goals
(e.g., Wilson and Ross, 2001; Zell and Alicke, 2009). We extend
this literature by showing that the roundness of a score also
affects decisions about what benchmark to use in order to
interpret that feedback.

Our findings shed further light on round numbers as reference
points. Numbers can affect goal-driven behavior, with people
striving to reach round-number goals (Pope and Simonsohn,
2011; Allen et al, 2017). We show that receiving a round
number as feedback can affect the choice of additional reference
points against which to evaluate one’s performance, encouraging

self-focused comparisons. By doing so, this research provides
a link between the literature on numerical roundness and that
on personally meaningful reference points (Robinson, 1986;
Shum, 1998; Thaler, 1999; Dai et al., 2014).

We also contribute to the broader literature on the effects
of numerical roundness and precision. These characteristics of
numerical information can affect how numbers are processed
(Wadhwa and Zhang, 2015, 2019), how different targets are
evaluated (Pena-Marin and Bhargave, 2016; Gunasti and Ozcan,
2019), and behavioral outcomes including financial decision-
making (Isaac et al, 2020), responses to health messages
(Wadhwa and Zhang, 2019), and consumer preferences (Santana
et al., 2020). We show that numerical information can affect
a novel outcome: whether to engage in self-temporal or other-
focused comparisons.

Finally, we contribute to the literature on social and temporal
comparisons. The traditional assumption is that people prefer
to compare themselves to others when possible (Festinger,
1954). It has also been suggested that a focus on one’s own
progress may serve self-enhancement goals (Wilson and Ross,
2001; Zell and Alicke, 2009), while social comparisons may
be more appropriate when the goal is to obtain accurate self-
related information (Wilson and Ross, 2000). We find a preference
for temporal self-comparisons when information about the
performance of others is also available, and there is no indication
that the comparison would be self-enhancing.

A number of limitations and questions remain to be addressed.
While we presented robust evidence for the effect, it remains
to be directly tested whether a focus on the self vs. others
(measured, e.g., through the Linguistic Implications Form;
Wegner and Giuliano, 1980) mediates reference point choice.
Furthermore, in order to manipulate numerical feedback cleanly
and efficiently, we used a specific category of tasks (quizzes)
that can be completed quickly, and we provided feedback
indicating satisfactory performance for ethical reasons. Future
research could examine whether the effect extends to other
contexts in which people receive numerical feedback and to
other score levels. Such research could also explore whether
the effect of numerical feedback roundness shifts over time;
a round score may have a stronger effect when it follows a
more significant investment of time and effort. Preferences for
temporal self-comparisons may also be more pronounced when
people anticipate that their performance will be below average
compared to others (Zell and Alicke, 2010).

Our findings open the door for future research on the
downstream effects of reference point choice following numerical
feedback. Such research could examine whether comparison
to the self vs. others following round vs. precise numerical
feedback affects the feedback receiver’s motivation and whether
the individual’s motives (e.g., self-evaluation, self-enhancement,
self-improvement; Suls et al., 2002) play a role in these effects.

Future research can also yield insights on whether numerical
feedback precision can be used to facilitate desired behaviors.
For example, prompting self-focused rather than others-focused
comparisons may help instill pride without leading to feelings of
superiority (Giirel et al., 2020). It could also help limit unwelcome
phenomena brought about by social comparisons, such as cheating
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FIGURE 1 | The effect of numerical feedback type on choice of feedback panel (A) and on future curiosity about others’ performance panel (B) in Study 3. (A) Error
bars are standard error of the sample proportion. (B) Error bars are standard error of the sample mean. *p<0.05.

TABLE 1 | Descriptive statistics for all studies.

Curiosity about other’s scores

Feedback choice: self (previous Curiosity about future performance

Study/conditions M (SD) score) compared to others M (SD)
Study 1 n.a. n.a.

Round feedback (80 or 90) 5.35 (1.65)

Precise feedback (81 or 91) 5.79 (1.47)

Study 2 n.a. n.a.

Round feedback (80) 67.21%

Precise feedback (77 or 83) 47.90%

Study 3 n.a.

Round feedback (60) 61.5% 4.63 (2.09)

Precise feedback (61) 41.5% 5.51 (1.40)

(John et al, 2014), by discouraging comparisons to others.
Conversely, it may be possible to enhance task meaningfulness
by adding a social dimension through precise feedback.

Numerical feedback is ubiquitous in people’s lives. They
can encounter it at school, at work, and while engaging in
hobbies and leisure activities. This feedback can lead to cognitive
reactions and behavioral outcomes based on how the feedback
is assessed. In this research, we show that the type of numerical
feedback people receive can affect the choice of reference points
against which they will compare their performance. Researchers
and practitioners can benefit from understanding the implications
of this reference point preference.
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