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Abstract
Ecological momentary assessment (EMA) is a self-report method that involves 
intensive longitudinal assessment of behavior and environmental conditions during 
everyday activities. EMA has been used extensively in health and clinical psychol-
ogy to investigate a variety of health behaviors, including substance use, eating, 
medication adherence, sleep, and physical activity. However, it has not been widely 
implemented in behavior analytic research. This is likely an example of the empiri-
cally based skepticism with which behavioral scientists view self-report measures. 
We reviewed studies comparing electronic, mobile EMA (mEMA) to more objec-
tive measures of health behavior to explore the validity of mEMA as a measure-
ment tool, and to identify procedures and factors that may promote the accuracy of 
mEMA. We identified 32 studies that compared mEMA to more objective meas-
ures of health behavior or environmental events (e.g., biochemical measures or 
automated devices such as accelerometers). Results showed that the correspondence 
rates varied considerably across individuals, behavior, and studies (agreement rates 
ranged from 1.8%–100%), and no unifying variables could be identified across the 
studies that found high correspondence. The findings suggest that mEMA can be an 
accurate measurement tool, but further research should be conducted to identify pro-
cedures and variables that promote accurate responding.

Key words ecological momentary assessment · validity · health behavior · mHealth

What did you eat for breakfast today? What did you eat this day last week? Under 
ordinary life circumstances, the answer to the first question will be much more 
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accurate than the answer to the second. Seeking to harness this advantage, many 
behavioral researchers have turned to ecological momentary assessment (EMA) in 
their assessment of everyday behavior. EMA is a self-report assessment method that 
may minimize recall bias when compared to retrospective recall methods (Shiffman 
et  al., 2008). In particular, EMA typically involves self-report of the environment 
and behavior at multiple times per day and over many days, either at prompted times 
or after engaging in a target behavior. EMA is set apart from other self-report assess-
ment methods by four characteristics: (1) assessments focus on the participants’ cur-
rent state or activity; (2) assessments are delivered under specified conditions; (3) 
assessments involve repeated measures; and (4) assessments are administered in an 
individual’s natural environment (Stone & Shiffman, 1994).

EMA has been used extensively in health and clinical psychology research (Beck-
jord & Shiffman, 2014; Shiffman, 2005). For example, Collins et  al. (1998) used 
EMA to assess self-reported alcohol drinking and affect in a sample of heavy drink-
ers. Participants were asked to report on their behavior, environment, and mood via a 
hand-held electronic device in response to random prompts delivered throughout the 
day, at the start of each day, and at the beginning and end of each drinking episode. 
The authors found that self-reported excessive drinking episodes were moderately 
correlated with self-reported positive mood prior to initiation of a drinking episode. 
EMA has also been used to assess physical activity (Bruening et al., 2016; Dunton 
et al., 2012), binge eating, (Schaefer, Engel, & Wonderlich, 2020a; Schaefer, Smith, 
et al., 2020b) dietary intake (Mason et al., 2020), symptoms of psychiatric diagnoses 
(Abel & Minor, 2021; Burke et al., 2020), and suicide risk (Carretero et al., 2020), 
to name a few health behaviors.

Although EMA was initially developed with paper and pencil methods, research-
ers implementing EMA have increasingly employed technology-based methods, 
such as smartphones and personal digital assistants (PDAs; Williams et al., 2021). 
These mobile EMA (mEMA) methods increase the convenience of reporting given 
the accessibility of smartphones today. Another advantage of using mEMA over tra-
ditional paper and pencil methods is that it reduces the possibility of participants 
“faking” compliance by recording answers after the designated survey times, as 
electronically collected data is usually time-stamped (Stone et  al., 2002). To this 
end, mEMA methods have essentially replaced paper and pencil methods of EMA in 
recent literature (Schüz et al., 2015).

In applied behavioral science, direct observation by carefully trained human 
observers is the gold standard in measurement methods (Baer et  al., 1968; Hart-
mann & Wood, 1990; Thompson & Borrero, 2021). However, direct observation of 
behavior is not always feasible nor desirable. For example, following an individual 
throughout their day as they engage in illicit drug use could pose safety and ethi-
cal issues. Direct observation of a typical individual through their work or school 
day is resource-intensive and may pose privacy issues. In these cases, EMA could 
be a valuable method for measuring behavior. Despite these practical advantages, 
EMA has not been widely used in applied behavior analysis. A search of the flagship 
journal in the field, the Journal of Applied Behavior Analysis, for the terms “eco-
logical momentary” resulted in one report. The dearth of EMA methods may be due 
to the availability of direct observation methods for behaviors commonly studied in 
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applied behavior analysis, such as the public behavior of individuals who are super-
vised for most of their day.

Expanding behavior analysis to other behavior, like health behavior, may require 
an expansion of data collection methods beyond direct observation (Critchfield & 
Reed, 2017; Sturmey, 2020). However, many behavioral scientists are generally 
suspicious of self-report methods, likely due to the high variability in correspond-
ence of self-report measures compared with more objective measures (Broden et al., 
1971; Critchfield et al., 1998; Finney et al., 1998; Fixsen et al., 1972; Prince et al., 
2008; Risley & Hart, 1968). For example, one review found correlations between 
self-reports (including diaries, questionnaires, interviews, and surveys) and objec-
tive measures of physical activity (via accelerometers, doubly labeled water, pedom-
eters, etc.) ranged from -0.71 to 0.96 (Prince et al., 2008). As others have pointed 
out, however, self-reports are not inherently inaccurate measures and may be accu-
rate under specific conditions (Critchfield et  al., 1998; Critchfield & Reed, 2017; 
Risley & Hart, 1968). It is not clear whether EMA would obviate these concerns 
regarding accuracy, or if specific procedures or factors can be identified to enhance 
accuracy. For instance, a reduced latency to assessment relative to a target event 
may increase accuracy, or repeated assessment may alter accuracy over time (Fuller-
Tyszkiewicz et al., 2013; van Berkel et al., 2019).

We reviewed the literature comparing mEMA to more objective1 , 2016 meas-
ures to evaluate the criterion validity of mEMA (the extent to which mEMA is a 
valid measure of the events or stimuli being reported) and to explore conditions that 
may promote accurate reporting. One prior study reviewed the literature that utilized 
mEMA in conjunction with objective measures of behavior and physiology (Bertz 
et al., 2018). The authors discussed the benefits and logistics of including objective 
measures but did not compare their outcomes to mEMA reports. Likewise, other 
reviews have been conducted evaluating the content validity of EMA, but these 
reviews included other self-report measures as comparators (Degroote et al., 2020; 
Marszalek et al., 2014). The current review only includes objective comparators of 
behavior and environmental events. These objective measures include permanent 
product records from automated devices (e.g., accelerometers, hearing aids, and 
geographic positioning systems) and chemical samples (e.g., doubly labeled water 
or breath samples), as well as reports from independent observers.

Method

Information Sources

We conducted an electronic search of the literature using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher 

1 We acknowledge the nuanced discussions surrounding the use of the terms “objective” and “subjec-
tive” (Critchfield et al., 1998; Normand, 2017), but chose to use them because they are conventional in 
this literature.
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et  al., 2009). The search was completed in August 2021, using the PubMed and 
PsychInfo databases. We used the following keywords (including grammatical vari-
ations and synonyms): ecological momentary assessment AND validity, ecologi-
cal momentary assessment AND concordance, and EMA AND validity. We did not 
place any restrictions on the year of publication, published language, or peer-review 
status. Following the identification of articles that met our inclusion criteria, we 
reviewed their reference sections to identify other relevant articles.

Study Selection

Studies were subject to two types of review: abstract and full text. Studies were 
selected to go on to a full-text review if a review of their abstract indicated that the 
authors directly compared mEMA reports of behavior to an objective measure of the 
same behavior. If it was not clear that a study met inclusion criteria through a review 
of the abstract, it was sent on to a full text review. Full text reviews included an 
analysis of the method and results section to determine if the studies met the inclu-
sion criterion (listed below).

Inclusion and Exclusion Criteria

Studies were included if they were empirical and compared mEMA to objectively 
measured behavior or environmental events. We chose to exclude studies using other 
forms of EMA (e.g., paper and pencil, home telephone calls) because they do not 
reflect the current technological standards widely employed (Bruening et al., 2016). 
Studies comparing mEMA to other methods of self-report (e.g., timeline follow 
back or 24-hr recall) were excluded. We also excluded studies that used an objective 
measure but did not use that objective measure as the comparator to mEMA. For 
instance, one study used a transdermal alcohol sensor to detect alcohol consump-
tion, but in their analysis of the results they used the EMA reports to quantify the 
accuracy of the transdermal alcohol sensor and did not provide alcohol sensor data 
otherwise. Thus, there was not a purely objective measure used as a comparator to 
EMA.

Data Collection

For each included study, data were collected on the reported agreement between 
mEMA reports and the objective measure. When multiple analyses were reported in 
the article, we selected the most direct comparisons to include in the current review. 
These data were collected independently by the first and second authors.

Interrater Agreement

For 33% of the articles yielded by the search (n = 189), a secondary independent 
rater rated the articles as “include” or “exclude.” The articles were selected using 
a random number generator. An agreement was scored if both the first and second 
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raters chose to include or exclude the article. Interrater agreement was calculated by 
dividing the number of agreements by the total number of disagreements plus agree-
ments. Interrater agreement was 100%.

Results

Article Search

Figure 1 shows the search results and outcomes of the filtering process. The data-
base search yielded a total of 832 articles. After removing duplicates, 572 articles 
remained. Eleven additional articles were identified through a review of the included 
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Fig. 1  Flow-Diagram of Search Results
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articles’ reference sections. An abstract review excluded 499 articles, resulting in 73 
articles eligible for a full-text review. The full-text review identified 32 eligible arti-
cles and excluded an additional 41.

Study Characteristics

Studies were broadly divided into four categories based on the measured variables: 
physical activity and/or sedentary behavior (n = 12), substance-related variables (n 
= 10), health-related variables (n = 7), and other (n = 3). A variety of statistical 
approaches were used to report the comparisons, and brief descriptions of each are 
provided in the footnotes of each table.

Table 1 displays the studies and their outcomes for physical activity. All of these 
studies compared the results of mEMA with data from an accelerometer (n = 12), 
although one study used a device that combined a heart-rate monitor and accelerom-
eter (Pannicke et al., 2020), and another used a heart-rate monitor in addition to the 
accelerometer (Dunton et  al., 2005). Measures derived from the devices included 
activity counts, heart rate, time spent engaged in physical activity or sedentary 
behavior, in different metabolic equivalents of task (MET) categories and reported 
body position. Measures derived from the mEMA reports included current activity 
category (e.g., “I am currently walking”), time spent engaged in physical activity 
or sedentary behavior, and current body posture. Populations studied ranged from 
children to older adults.

The authors’ conclusions for each study are presented in the last column of 
Table 1. Conclusions are presented as quotes wherever possible. In general, the con-
clusions supported the criterion validity of mEMA, although the authors’ standards 
for validity appeared to rest on conventional thresholds for statistical significance 
rather than an absolute standard for agreement. For example, several studies utilized 
statistical tests to determine if objectively measured physical activity differed based 
on mEMA-indicated activity (Dunton et al., 2011; Dunton et al., 2012; Maher et al., 
2018; Pannicke et al., 2020; Zink et al., 2018). Overall, all of the authors indicated 
that the studies supported the criterion validity of mEMA, with two providing cave-
ats on the limits to that validity. One study reported that the mEMA reports did not 
differentiate between objectively measured physical activity levels (Bruening et al., 
2016), and the other noted that the distinction between mEMA-reported walking and 
exercise was reflected in heart-rate measures, but not via accelerometer measures 
(Dunton et al., 2005).

Table 2 displays the studies that investigated variables related to substance use 
and the outcomes of those studies. Objective comparators to mEMA included sali-
vary cotinine samples, electronic nicotine delivery system (ENDS) devices, sweat 
patches, breath carbon monoxide (CO) samples, GPS, and transdermal alcohol sen-
sors. Measures obtained through these devices included categorical variables (sali-
vary cotinine samples), frequency of cigarette puffs, frequency of drug use, CO 
values, ng/mL of salivary cotinine, and location. One study did not specify how sali-
vary cotinine samples were analyzed (Shiffman, 2009). mEMA measures included 
frequency of ENDS use, mL of e-liquid used, e-cigarette and cigarette puff counts, 
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frequency of smoking sessions, frequency of drug use, cigarettes smoked, and days 
categorized as “drinking” days or “abstinent” days. Populations studied ranged from 
teens to adults using a variety of substances (e.g., heroin, amphetamine, e-cigarettes, 
cigarettes, cocaine, and alcohol).

The last column of Table 2 contains the authors’ conclusions regarding the valid-
ity of mEMA, when applicable. Overall, the conclusions were mixed. Most conclu-
sions were favorable, although the authors of two studies described the correspond-
ence results as poor or an underestimation (Han et al., 2018; Li et al., 2021), and the 
authors of two other studies reported mixed outcomes (Cooper et  al., 2019; Mun 
et al., 2021).

Table  3 displays the studies included in the “health-related” category. Com-
parators included accelerometers, blood glucose meters, hearing aids, and doubly 
labeled water. The mEMA reported responses included hours slept, blood glucose 
level, perceived voice loudness and noise level, and food consumption. The popu-
lations included older adults (65+), adolescents with diabetes, adults with hearing 
aid experience or mild hearing impairment, overweight or obese adults, and obese, 
pregnant women.

Table  3 also shows the authors’ conclusions for studies in the “health-related” 
category. The authors of four studies reported favorable conclusions for the validity 
of mEMA (Helgeson et al., 2009; Jenstad et al., 2021; Martin et al., 2012; Timmer 
et al., 2017) and the authors of the remaining three reported inaccurate or discrepant 
findings.

Table 4 displays the studies included in the “other” category. Objective compara-
tors included geographic information systems (GIS), antisocial behavior reported by 
staff, and smartphone monitors. The mEMA reported responses included number of 
observed food outlets, antisocial behavior, and smartphone screen usage duration. 
Populations studied included adults and juvenile offenders.

Finally, the last column of Table  4 presents the authors’ conclusions in the 
“other” category. The authors of one study concluded that their data supported the 
validity of mEMA (Pihet et al., 2017), and the authors of another study reported that 
accuracy was affected by the prompt-notification schedule (van Berkel et al., 2019). 
The authors of the final study reported that they found a small correlation between 
the subjective and objective measures, but still concluded that minimal differences 
exist between the measures (Elliston et al., 2020).

Discussion

The present review evaluated the correspondence between self-report of behavior 
and environmental variables via mEMA to more objective measures. The reported 
correspondence rates varied considerably across individual participants, reported 
events, and studies. For example, a few studies found agreement rates ranging from 
very low to high depending on the activity being reported (e.g., vigorous exercise 
versus sedentary activity; Bruening et  al., 2016) or across individual participants 
(Pearson et al., 2017). Other studies found correspondence rates that were primar-
ily low (e.g., r= .09–.31; Knell et al., 2017) or primarily high (e.g., 93% agreement 
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rate; Helgeson et al., 2009). The current research base suggests that there may be 
some areas in which mEMA may be used as a valid measure, but further research 
needs to be conducted to delineate the variables involved in accurate reporting.

Some of the studies in this review suggest that self-report via mEMA has poten-
tial to be a valid measure of behavior and environmental events, but problems exist 
with the current methodology. In particular, the variability of the response–com-
parator correspondence is a concern, as well as the lack of knowledge surrounding 
which environmental factors may account for it. Factors that affect the correspond-
ence of EMA reports with objective measures have been explored by a few of the 
studies in the current review. Zink et al. (2018) noted that correspondence between 
mEMA and objective measures was higher for boys than it was for girls. Baillet et al. 
(2016) observed that the discrepancy between self-report and actigraphy-measured 
sleep was negatively correlated with the subjective degree of positive mood at awak-
ening. Bruening et  al. (2016) found that the accuracy of self-reports decreased as 
accelerometer-measured physical activity level increased, which they posited could 
be due to social desirability related to overreporting physical activity, or because 
individuals who are less fit may regard some activities as more intense. Two studies 
found that participant compliance with mEMA prompts was less likely when accel-
erometers indicated the participant was engaging in higher levels of physical activity 
(Dunton et al., 2005; Dunton et al., 2012), and one study found that prompt compli-
ance was higher for white children than children from racial minority groups (Dun-
ton et al., 2011). These findings highlight the importance of considering variables at 
both the level of the physical and social environment of participants.

Other factors that may affect participant compliance and accuracy include the 
salience of the events about which the participants are asked to report (Pannicke 
et al., 2020), the effort required to complete the assessments (Consolvo & Walker, 
2003) and experimenter demand characteristics (Finney et  al., 1998). In addition, 
some of the responses may be difficult for participants to describe. For example, 
describing exercise as “moderate” or “vigorous” may need to be explicitly taught 
prior to data collection using tact training, where participants are taught to verbally 
respond to a given set of stimulus conditions (Lowe et al., 2002; Rajagopal et al., 
2020; Skinner, 1957). Pannicke et  al. (2020) suggest that future research may use 
objective measures to teach accurate self-reporting of physical activity, similar 
to a biofeedback model. Supporting the idea of a need for training, Cooper et  al. 
(2019) reported that a participant noted it was difficult to identify specific start and 
stop times of his near-continuous electronic nicotine delivery system use in certain 
contexts.

A few studies have experimentally investigated how to increase participant 
compliance and accuracy with mEMA. Van Berkel et  al. (2019) manipulated the 
scheduled delivery of prompts to assess compliance with mEMA and found that 
delivering a survey prompt following the participant unlocking their smartphone, 
as opposed to random or interval contingent prompts, resulted in the most accurate 
responses. Likewise, Martin et  al. (2012) tested both standard prompts that were 
delivered around generic mealtimes and customized prompts that were tailored to 
the individual participant’s mealtimes and found that customized prompts increased 
the concordance of the self-report and objective measures. Future research should 
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continue to explore environmental arrangements that increase the correspondence 
between objective and subjective measures. Such studies could improve the accu-
racy of mEMA.

Establishing a standard for what we would consider acceptable correspondence 
is an important consideration in this discussion and for future research. In the field 
of applied behavior analysis, interobserver agreements rates of 85% or higher are 
generally considered acceptable, although this benchmark seems to be based on con-
vention and not a scientific basis (Kennedy, 2005). Applying this standard to the 
studies in the current review yields just four studies whose agreement rates between 
EMA and objective measures surpassed this threshold (Dunton et al., 2005; Helge-
son et al., 2009;McClure et al., 2018 ; Pearson et al., 2017). It is important to note 
that three of those four studies reported lower ends of the correspondence range that 
were considerably lower than 85% (individual participant correspondence of .001, 
average percent agreement rate of 1.8%, and overall daily agreement of 55%; Pear-
son et al., 2017; Dunton et al., 2005; McClure et al., 2018, respectively).

Of the four studies that reported agreement rates beyond 85%, three involved 
adolescent participants (Dunton et al., 2005; Helgeson et al., 2009; McClure et al., 
2018), and two of them targeted cigarette smokers (McClure et al., 2018; Pearson 
et  al., 2017). Two of the four studies used interval-based prompts for EMA alone 
(Dunton et  al., 2005; Helgeson et  al., 2009), and two studies used both random 
prompts and event-contingent surveys (McClure et al., 2018; Pearson et al., 2017). 
Two studies used smartphones (McClure et al., 2018; Pearson et al., 2017), whereas 
the others used handheld computers and personal digital assistants. No unifying var-
iable could be identified among the four studies that could have led to the higher 
correspondence rates.

Another way to establish an acceptable correspondence rate involves consider-
ing the necessary sensitivity of mEMA, or the smallest amount of change that 
mEMA can reliably detect. A measure of behavior needs to be sensitive enough to 
detect meaningful changes in responding. If a measure is only capturing behavior 
half the time it is occurring, it likely is not sensitive enough to detect important 
treatment effects. (Correspondence and sensitivity are not to be conflated, but low 
correspondence between an objective measure and another may indicate a lack of 
sensitivity.) The necessary sensitivity of a measurement tool may change depending 
on the specific behavior under study and its severity and frequency. For example, 
research has shown that complete abstinence from alcohol may not be necessary for 
recovering alcoholics (Witkiewitz & Tucker, 2020), so recording every instance of 
alcohol consumption may not be necessary to determine treatment effects. On the 
other hand, a one-time relapse with another substance, such as an opiate, would be 
much more concerning because it could prove fatal; therefore, each occurrence of 
drug use should be recorded (Strang et al., 2003). Li et al. (2021) conducted a sen-
sitivity analysis with four participants who were highly compliant with the mEMA 
prompts. Despite the high compliance rates, the sensitivity rate of mEMA-reported 
puffs compared to device-reported puffs varied significantly, with discrepancies 
ranging from 0 to over 70 per day. Romanzini et al. (2019) also conducted a sensitiv-
ity analysis for self-reported versus accelerometer-recorded sedentary behavior and 
found a sensitivity rate of 84%. Bruening et al. (2016) found that increasing the time 
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window for each mEMA prompt resulted in lower sensitivity across all reported 
food types consumed. They also found that sensitivity levels were highest for seden-
tary behavior (91%) and vigorous physical activity (100%) compared to other levels 
of physical activity. mEMA may be adequately sensitive in some situations for some 
responses, but without the knowledge of which environmental factors contribute to 
its sensitivity, it is not yet possible to say for which responses or situations it would 
be appropriate.

Several studies used statistical significance as the standard for validity. Statistical 
significance simply means that a p-value is below a pre-set threshold. The p-value 
indicates the likelihood that the results would have arisen if the null hypothesis 
were true (e.g., that the EMA measures and the objective measures values are com-
pletely unrelated). It does not provide information about the magnitude of the rela-
tion between measures. If participants are even providing a rough estimate of their 
behavior when assessed via EMA, the relation to objective measures may be statisti-
cally significant (particularly if the sample size is large enough). Thus, this stand-
ard is not sufficient to evaluate the validity of EMA measures. Instead, more direct 
measures of correspondence should be favored to evaluate validity (Halsey et  al., 
2015; McShane et al., 2019).

It is interesting that there was little consistency across the studies as to what con-
stituted validity, even when measures of correspondence were used. For example, 
some studies reported low correlations between objective and subjective measures, 
yet the authors concluded the self-report measures were valid because the corre-
sponding p-values were statistically significant. Other studies reported similar ranges 
in correspondence, yet the authors drew conflicting conclusions. For example, Li 
et al. (2021) concluded that mEMA underestimated ENDS use, whereas Knell et al. 
(2017) found similar levels of correspondence and concluded that mEMA was a 
valid measure of physical activity and sedentary behavior. Although the differences 
in reported statistics across studies do not make for a one-to-one comparison, some 
discussion of what constitutes validity, perhaps even on a case-by-case basis depend-
ing on the response being measured, is warranted.

One limitation with respect to the objective measures of behavior used in these 
studies is that their accuracy may vary. For example, Dunton et al. (2005) point out 
that accelerometers worn on the wrist may not be as accurate as accelerometers 
worn on other parts of the body, because prior research has shown that more accu-
rate energy expenditure estimates are produced by wearing accelerometers on multi-
ple body parts (Chen et al., 2003). Likewise, categorical measures, such as whether 
a blood glucose check was conducted by a glucose meter, may be more likely to 
be accurate than some continuous measures (Helgeson et al., 2009). The accuracy 
of each measure should be taken into account when considering the concordance 
between the objective and subjective measures.

A final limitation of this review is that many studies did not report direct agree-
ment rates between mEMA and objective measures. Some studies instead reported 
relations between the two with mEMA reports categorized as predictors of the out-
come variable, the objective measures (e.g., as in linear regression or multilevel 
modeling; Cooper et al., 2019; Dunton et al., 2011; Dunton et al., 2012; Pannicke 
et al., 2020; Pihet et al., 2017; Schüz et al., 2014; Shiffman, 2009; Zink et al., 2018). 
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In addition, some studies reported statistics that did not portray the magnitude of 
correspondence between the two measures, but only whether the difference between 
the two was statistically significant (Cooper et al., 2019; Dunton et al., 2011; Dunton 
et al., 2012; Pannicke et al., 2020; Pihet et al., 2017; Schüz et al., 2014; Shiffman, 
2009). Such reports make interpretation of the agreement less straightforward and 
limit the conclusions that can be drawn regarding the extent of the correspondence 
between the measures.

Behavior analysis has the potential to decrease the morbidity and mortality asso-
ciated with a range of health behaviors (Kaplan et al., 2015; LeBlanc et al., 2020). 
If we limit ourselves to only studying behavior that aligns with our current research 
methodology, we will fail at disseminating our science to many populations who 
would otherwise benefit from it (Vollmer, 2021). The aim of this article was to ana-
lyze the current literature base on mEMA and gain an awareness of where it stands, 
and by how much we can improve the existing methodology. mEMA is a valid meas-
ure of behavior and environmental stimuli under some conditions, but more research 
is needed to identify the specific environmental conditions that promote response 
accuracy.
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