Computerized methods for collecting confidence ratings: Task
influences on patterns of responding

K. Andrew DeSoto

Retrospective confidence ratings and other judgments frequently are collected in
computer-based psychology studies, but little research has investigated whether the
method with which these ratings are collected influences the resulting data. To explore
whether different confidence rating entry methods elicit different responses, 96 subjects
were tested in a recognition memory paradigm. To rate confidence in recognition decisions
from 0 - 100, half of the subjects used the numeric keypad on the keyboard to respond
whereas the other half used an on-screen slider. Notably, whereas subjects using the
numeric keypad frequently chose to enter confidence ratings divisible by 5 and 10,
subjects using the slider showed no such preference but instead were more likely to
accept the slider default value (i.e., 50) for each trial. The method with which confidence
ratings are collected may have unintended consequences on confidence rating data and
their interpretation.
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Abstract

Retrospective confidence ratings and other judgments frequently are collected in
computer-based psychology studies, but little research has investigated whether the method with
which these ratings are collected influences the resulting data. To explore whether different
confidence rating entry methods elicit different responses, 96 subjects were tested in a
recognition memory paradigm. To rate confidence in recognition decisions from 0 - 100, half of
the subjects used the numeric keypad on the keyboard to respond whereas the other half used an
on-screen slider. Notably, whereas subjects using the numeric keypad frequently chose to enter
confidence ratings divisible by 5 and 10, subjects using the slider showed no such preference but
instead were more likely to accept the slider default value (i.e., 50) for each trial. The method
with which confidence ratings are collected may have unintended consequences on confidence

rating data and their interpretation.
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Computerized Methods for Collecting Confidence Ratings:
Task Influences on Patterns of Responding

Psychologists commonly present stimuli and collect data using computerized methods.
As a result, simple studies traditionally conducted using pencil and paper can now be designed in
a variety of ways and with a cornucopia of user interface components. In addition, these studies
can be coded with any number of programming languages ranging from ActionScript (e.g.,
Weinstein, 2012) to Python (e.g., Peirce, 2007), all of which feature idiosyncrasies. As a result,
two psychologists can implement even the simplest experimental task very differently.

For instance, in the area of metacognition (see Dunlosky & Metcalfe, 2008, for a review),
subjects often make judgments and predictions that reflect the monitoring and control processes
that occur during learning (Nelson & Narens, 1990). One judgment frequently used in the
laboratory is the retrospective confidence rating (often referred to as confidence). In a typical
experiment employing confidence ratings, a subject sits at a computer and is asked to learn a list
of words. After a brief delay, the subject is given a recognition test in which he or she is asked if
a displayed word had been studied earlier in the experiment. After the subject responds (e.g.,
with “old” or “new”), he or she is prompted: How confident are you that your previous answer is
correct? The subject rates his or her confidence on a provided scale and proceeds with the rest of
the test. Confidence ratings may be collected dozens of times over the course of a single
laboratory experiment, and most researchers assume that these ratings are accurate
representations of the subjective sense of confidence actually experienced (but see Roediger &
DeSoto, 2015; Roediger, Wixted, & DeSoto, 2012, for a discussion).

There are many different ways an experimenter can collect confidence ratings in a

computerized fashion, however. To name several variables, confidence ratings can be collected
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ona l-7scale ora0 - 100 scale, paced by either the experimenter or the subject, and entered by
the subject in several different ways (see DeSoto, 2014, for further discussion). Subjects can
even make ratings jointly (Bahrami, Olsen, Latham, Roepstorff, Rees, & Frith, 2010).
Regrettably, little scientific effort has been expended to compare these methods. This is well put
by Vickers (2001, as cited in Koriat, 2012, p. 80), who noted, “Despite its practical importance
and pervasiveness, the variable of confidence seems to have played a Cinderella role in cognitive
psychology — relied on for its usefulness, but overlooked as an interesting variable in its own
right.” Vickers’ concern seems appropriate: Recent research suggests the collection method for
cognitive and metacognitive judgments affects the judgments that are made as well as the
distribution and variance of those judgments (e.g., Benjamin, Tullis, & Lee, 2013; but see
Kellen, Klauer, & Singmann, 2013).

For example, Ariel, Al-Harthy, Was, and Dunlosky (2011) presented subjects with three
items of varying memorability (i.e., difficulty) arranged horizontally on a computer screen and
asked them to choose the order in which they wanted each item to appear in a later study phase.
Ariel and colleagues found that study choices were inconsistent with existing theories of self-
regulated learning, which suggest that item difficulty should affect study choices (e.g., Metcalfe,
2009). Regardless of the difficulty of the items presented, however, English-speaking subjects
overwhelmingly chose items in left-to-right order. In contrast, Arabic-speaking subjects, who
read right-to-left, tended to select items to study in a right-to-left order. The implication was that
subjects selected items in the same direction in which they read text, even though this was not
likely to be the most effective way to optimize performance on the task (for further research, see

Ariel & Dunlosky, 2013).
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The work of Ariel and colleagues illustrates an important point: When subjects
participate in an experimental task that requires many metacognitive judgments to be made, they
engage in certain behaviors to reduce the cognitive demands (e.g., working memory load)
required by the task (as suggested by Krosnick, 1991). Specifically, subjects often select the first
response that seems reasonable, and may also have a tendency to accept the “status quo”
response — that is, a default or middle-of-the-road response. Subjects “may give this answer
without any retrieval or judgement, simply because it appears to be a reasonable answer” (p.
219).

Although initial evidence suggests differences in task influence cognitive and
metacognitive performance on a general level, very few studies have investigated specifically
how collection methods alter the resulting confidence rating data. Therefore, the purpose of this
study was to investigate differences in how subjects’ responses varied when they were asked to
enter their confidence ratings in one of two ways. In this study, subjects participated in a
standard recognition memory paradigm and provided retrospective confidence ratings. To
investigate differences in responses resulting from the method of assessing confidence, subjects
either entered their confidence rating using (1) the numeric keypad on their keyboard or (2) a
graphical on-screen slider.

The prediction was that the two entry methods would result in different responses due to
affordances or biases elicited by each task. Specifically, the hypothesis was that the numeric
keypad entry method would encourage subjects to enter numbers ending in zero or five (e.g.,
much preferring an answer of 80 over 81), because mentally reducing the 100-point confidence
scale to a 10 or 20-point scale would be less cognitively demanding. In contrast, it was predicted

that a slider entry method would not show biases toward these numbers but would instead
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101  encourage choosing the slider's default value for each trial (e.g., 50 if the slider was set to 50 for
102  each trial). With the slider entry method, accepting the default value is even less demanding than
103 selecting a rating ending in zero or five.

104 Method

105 A total of 96 Washington University in St. Louis students participated for either course
106  credit or payment. (This number was chosen in advance of data collection to be consistent with
107  earlier experiments.) Subjects studied 150 words taken from category norms (Van Overschelde,
108 Rawson, & Dunlosky, 2004) and then took an immediate recognition memory test over 300

109 items (150 targets and 150 lures). In this test, subjects were presented with one item at a time and
110 asked to decide whether each item was old or new. After making a recognition decision, subjects
111  were asked to rate their confidence that their prior decision was correct on a scale from 0 (not at
112 all confident) to 100 (entirely confident).

113 Subjects were assigned to one of two experimental groups: the numeric keypad entry

114 group or the slider entry group. (Data for these two groups were collected at different times

115  during the academic year and previously published as Experiment 1 and Experiment 2 by

116 Roediger and DeSoto, 2014; see also DeSoto & Roediger, 2014, for a similar design). Entry

117 method was the only difference between the two groups. Subjects in the numeric keypad group
118 were asked to type in their confidence rating (from 0 - 100) using the numeric keypad portion of
119 the computer keyboard. After typing in a number, subjects pressed the Enter or Return key to
120  submit their judgment and proceed to the next trial. On the other hand, subjects in the slider entry
121  group were presented with a visual slider on the screen. Confidence ratings in increments of 10
122 were marked on the scale, which ran across approximately half of the length of the screen.

123 Subjects were asked to move the slider, which began at a default position of 50, to the desired
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124  point on the scale. Subjects then clicked a button on the screen to submit their judgment and

125 proceed to the next trial. In both conditions, text appeared on the screen reminding subjects that a
126  zero meant not at all confident and a 100 meant complete confidence. See Figure 1 for an

127 illustration of what subjects in each of these two conditions saw for each trial.

128 There were no data exclusions or other experimental manipulations not reported in the
129 study. Basic trial data and item-level data were collected (e.g., reaction time, word frequency)
130  but were not analyzed because the focus was on confidence. The study was approved by the

131  Washington University in St. Louis Institutional Ethics Board (#201112008) and conformed to
132 Standard 8 of the American Psychological Association’s Ethical Principles of Psychologists and
133 Code of Conduct. The data for this project are public and available on figshare (DeSoto, 2015).
134 Results

135 Average confidence ratings were significantly higher in the keypad group (M =71, SD =
136  11.84) than in the slider group (M = 65, SD =11.80), #(94) =2.16, p = .03, 95% CI [0.41, 10.00],
137 d=0.10. Although this effect size was small, it warranted further investigation of the distribution
138 of confidence ratings as a function of experimental group, which is shown in Figure 2.

139 Visual inspection of these two distributions reveals three main observations. First, an

140  extreme number of confidence ratings of 100 were provided by subjects in both conditions. This
141 is atypical finding in research investigating rating scales (e.g., Mickes, Hwe, Wais, & Wixted,
142 2011). Second, and more interesting, is that subjects using the keypad entry method appeared to
143 choose confidence ratings that were divisible by five or 10 more often than subjects in the slider
144  entry group. This is confirmed by an independent-samples t-test comparing the percentage of
145 responses assigned to a number divisible by 10 in the keypad entry group (M = .78, SD = .20) to

146 the percentage of responses divisible by 10 in the slider entry group (M = .50, SD = .20), #94) =
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147  6.95, p <.001, 95% CI [.20, .37], d = 1.43. Turning to all responses divisible by five, the

148 difference is even more striking: Significantly more responses were assigned to a number

149  divisible by five in the keypad entry group (M = .92, SD = .15) than in the slider entry group, (M
150 =.54,5SD=.19), (94)=11.16, p <.001, 95% CI [.32, .45], d = 2.30 (note that all responses

151 divisible by 10 are also divisible by 5).

152 Third, Figure 2 also shows that confidence ratings of 50 occurred much more frequently
153  in the slider entry group (M = .20, SD = .22) than in the keypad entry group (M = .09, SD = .09).
154 This was also confirmed by an independent-samples t-test, #(94) = 3.27, p = .002, 95% CI [.04,
155 .18],d=0.67.

156 As a measure of the relative metamemory accuracy of subjects’ confidence ratings,

157 gamma correlations were computed for each subject (see Nelson, 1984). Gamma correlations,
158 like Pearson correlations, range from -1.00 to 1.00 and represent the degree to which confidence
159 is associated with accuracy within individuals, with higher correlations indicating a greater

160 degree of correspondence. Subjects appeared to have equivalent relative metamemory accuracy
161 in both the keypad entry group (M = .38, SD = .19) and the slider entry group (M = .38, SD =
162 .20). Indeed, an independent-samples t-test failed to identify a significant difference, #94) =

163 0.06, p=.947,95% CI [-.08, .08], d = 0.01.

164 Several asides: Interestingly, throughout 14,000 judgments, no subject in the keypad

165 entry group provided a confidence rating of 61 or 71, but all possible ratings (0 - 100) were made
166 at least once by subjects in the slider entry group. Additionally, the keypad group was

167 programmed originally to accept any user input, regardless of validity. Thus, some of the

168 resulting data, amounting to 1.5% of the trials, were erroneous (e.g., some subjects entered “900”
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when they probably intended to enter “90”) and had to be excluded. Those programming keypad
entry methods in the future should take precautions to ensure that this does not occur.
Discussion

In sum, subjects who were asked to enter confidence with the numeric keypad
overwhelmingly chose to enter confidence ratings divisible by five or 10 (doing so more than
92% of the time). On the other hand, subjects who were prompted to enter confidence with the
slider showed a preference for the default value of the slider (i.e., reporting a confidence of 50
approximately 20% of the time). These results strongly imply that biases driven by collection
method are at play when subjects report confidence in a recognition memory paradigm.

It is possible that when subjects repeatedly made 0 - 100 confidence ratings using the
numeric keypad, it became difficult to keep track of (or perhaps even distinguish between)
different levels of confidence provided (e.g., Keren, 1991). As a result, subjects may have
mentally abridged the rating scale, choosing to respond only in multiples of five or 10. Subjects
that responded with the slider, however, were provided with a default value. Because providing a
confidence rating of 50 only entailed one action (i.e., clicking on the submit button) instead of
two (i.e., moving the slider to the desired position and then clicking on the submit button),
subjects seemed to differentially prefer ratings of 50. It is unclear whether this is due to an
anchor-and-adjust heuristic (e.g., Tversky & Kahneman, 1992), preference for the status quo
response, or mere apathy. Investigating responses as a function of overall experiment length
could begin to identify the degree to which these factors are involved (see Hanczakowski,
Zawadzka, Pasek, & Higham, 2013, for another look at scaling biases).

Future research will be necessary to determine the best methods to prevent task biases

from influencing data (or even whether such biases need to be eliminated in the first place).
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Recent studies conducted in our laboratory using a slider entry method (e.g., DeSoto & Roediger,
2014) have required subjects to move the slider at least once before the response can be
submitted, preventing subjects from easily selecting the default confidence rating for each trial.
Other alternatives may involve setting the slider default to 0, 100, or even a different value for
each trial (although this method would also contribute additional error variance). A still better
approach may involve the use of a visual analog scale (e.g., Marsh-Richard, Hatzis, Mathias,
Venditti, & Dougherty, 2009; Reips & Funke, 2008). These scales typically require subjects to
select a point on a line to indicate their judgment (i.e., rather than clicking and dragging a slider)

and are likely to be less susceptible to biases in responding because there is no default value.
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271  Figure 1. A depiction of the two types of confidence rating entry methods used in the numeric

272 keypad group (left panel) and slider group (right panel).
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Figure 2. The proportion of total confidence ratings assigned to each value in the 0 - 100 range
by subjects in the keypad entry group and subjects in the slider entry group. (No ratings of 61 or

71 were provided by subjects in the keypad entry group.)
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