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Abstract

Social desirability reporting leads to over estimations of church attendance. To date,

researchers have treated over-reporting of church attendance as a general phenomenon,

and have been unable to determine the demographic correlates of inaccuracy in these self-

reports. By comparing over eight months of observational data on church attendance (n =

48 services) to self-report in a rural Fijian village, we find that 1) self-report does not reliably

predict observed attendance, 2) women with two or more children (� 2) are more likely to

over-report their attendance than women with fewer children (� 1), and 3) self-report of reli-

giosity more reliably predicts observed church attendance than does self-report of church

attendance. Further, we find that third-party judgements of church attendance by fellow vil-

lagers are more reliably associated with observed church attendance than self-report. Our

findings suggest that researchers interested in estimating behavioral variation, particularly

in domains susceptible to social desirability effects, should consider developing and employ-

ing third-party methods to mitigate biases inherent to self-report.

Introduction

Social scientists continue to rely on self-reports for measuring behavior despite ongoing criti-

cism concerning informant inaccuracy [1, 2]. Across various domains of human behavior,

research finds that the unreliability of self-reports is due to individuals’ memory failure over

time, including accidental omission and telescoping [3, 4], and cultural biases, including

semantic similarity, prosocial signalling and identity-affirmation [1, 5, 6]. When reporting

behavior of social and cultural significance, informants intuitively mishear value-laden ques-

tions [7], self-deceive and pursue impression management [8, 9].

Prominent in studies of informant inaccuracy, Socially Desirable Reporting (SDR) bias

names the tendency of informants to over-report in ways that would be viewed as “good” by

in-group members, and under-report “bad” behaviors [10, 11]. When informants inaccurately

respond and instead report socially desirable behaviors it may be that, a) the informant
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believes what they report is accurate, despite its inaccuracy, or it may comprise b) an attempt

at impression management, where the informant consciously presents themselves in a better

light based upon perceived researcher expectations [9]. Regardless, SDR biases occur most

often in response to questions about highly normative issues, such as childcare [12], abortion

[13], diet-intake [14, 15], attitudes to asylum seekers [16], HIV status and drug use [17],

domestic violence [18], sexual practices [19], voting for candidates from minority backgrounds

[20], and religious participation, most notably church attendance [21].

The reliance on self-reports of church attendance as evidence for the resilience of church-

going in the United States received a devastating critique in a 1993 study which showed data

from self-reports exceeded that from direct observation by nearly two to one [21]. The study

compared telephone self-reports of church attendance in Ashtabula County, Ohio, against

headcounts conducted by the individual churches, along with estimates drawn from ‘the num-

ber of cars in [church] parking lots’ and ‘actually counting persons attending Sunday services’

for churches that did not return their own figures [21 p.744]. Interpreting over-reporting as

due to SDR, the researchers offered that ‘if survey respondents view regular church attendance

as normative or view infrequent church attendance as deviant, they may be inclined to overre-

port their attendance’[21 p. 749].

Subsequent efforts to improve the accuracy of self-reports of church attendance have

focused on avoiding leading respondents towards over-reporting by asking about the topic

indirectly. For example, asking informants on Mondays about what they did ‘yesterday’ avoids

explicitly raising the issue of religion and church attendance [7]. Alternatively ‘time diaries’

may be completed in real time with participants completing entries at regular intervals

throughout a given period, which may vary from a day to a much longer duration [22]. The

indirect approach of time diaries successfully reduces self-reported attendance figures closer to

those directly observed in counting methods.

Brenner advocates time-diaries to avoid identity-based responses where informants over-

report their church attendance to convey more sincerely their religious identity [23, 24]. More-

over, Brenner, demonstrates how the discrepancy between accurate time-diaries and inaccu-

rate conventional self-reports can reveal the relative importance of religious identity norms

across cultures [5, 25]. Brenner argues that while higher rates of church attendance over-

reporting in the United States compared to that in Europe might undermine claims of excep-

tional American religiosity by participation, it confirms claims of exceptional American religi-

osity by identity norms [5]. Alternative methods such as time diaries may not only improve

data precision regarding measuring church attendance, they can show how different groups

vary in their susceptibility to religious over-reporting. We suggest that where comparative data

reveals such variation across other demographic variables, such as gender, age or child num-

ber, further inferences can be made concerning how norms of religiosity and religious behav-

ior are experienced differently within a cultural group.

However, time diaries are not always ideal or practical for modelling biased reporting.

Their disadvantages include: ‘lower subject compliance, missed occasions, undependable com-

pletion times, and a variety of response errors, many stemming from the cognitive demands of

following an unfamiliar form and the burden of the initiative placed on the respondent’ [26

p.109]. Promptly completed time-diaries may mitigate inaccuracies from memory failure, but

attaining their adequate completion can be difficult, particularly in cultural contexts where

time-use is not rigorously regulated. Time diaries, moreover, are not immune to impression

management bias, despite being indirect. For instance, ‘very few respondents report engaging

in sexual or other biological activity in their diary accounts’ [27 p. 53].

In addition, time diaries and headcounts that measure church attendance typically involve

asynchronous data-sets and sample different (but comparable) groups and individuals. While
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this is less problematic for estimating aggregate church populations across a geographical area,

such imprecise data sampling is unhelpful for analysing demographic variation in over-report-

ing. One study supplementing time diary analysis with imputed data found that ‘no demo-

graphic covariants [sex, age, income, education, marital status or child number] are

consistently associated with over-reporting’ [23 p. 111]. However, drawing on imputed data

from different samples or using anonymous headcount data does not directly compare self-

reports to actual attendance among the same individuals.

To the best of our knowledge researchers have yet to systematically and directly observe

naturally occurring attendance at the level of individuals and compare this against their self-

reports. These data are necessary for understanding the sources of self-report biases in church

attendance. Below we compare the accuracy of self-reports to observed church attendance in a

rural Fijian village over the course of 8+ months to uncover the demographic correlates of

over-reporting.

Further, we compare these findings to the accuracy of third party judgements on church

attendance, to evaluate these measures as an alternative to improve accuracy in estimations of

behavioral variation. Third-party reporting on social behavior remains surprisingly under-uti-

lised, and may offer an alternative method to self-report and time diaries. Typically third-party

methods are employed in instances where the accuracy of informant self-reports are expected

to be fallible, such as with cases of child abuse [28] or with adults with intellectual difficulties

[29]. While less effective across large territories, in the small face-to-face communities where

many social scientists work, third-party judgements may be useful as they do not suffer the

biases of self-report, and may more accurately predict intracultural variation in highly pre-

scribed social behavior, such as church attendance, which is monitored by many individuals in

the group.

Methods

Field site

Data collection took place in a rural village on the island of Vanua Levu in Fiji’s Northern Divi-

sion. The village sits on Savusavu Bay, approximately 48 km from the closest town of Savusavu,

which has a population of 6,835 according to the last known census in 2017. The village is

accessible via a 2.5 h bus ride and a 3 km hike from the bus stop to the village itself. When field-

work took place (2009–2011) the population of the village varied but hovered around 90 peo-

ple, with about 50 adults, 28 of whom were males. The village economy is a mix of subsistence

production and wage earning from copra cutting. Men practice horticulture and cut copra

while women fish and forage in Savusavu Bay.

Fiji’s religious diversity includes many Indo-Fijian Hindus and Muslims, but the Indige-

nous Fijian majority is near-exclusively Christian, and Fiji’s colonial legacy of Indigenous pro-

tectionism and racial segregation left most villages singularly Christian. Fijian Christianity is

dominated by the Methodism preached by European missionaries who arrived to the islands

in 1835. Fijians integrated the missionaries’ Methodism with the traditional religious system

centred on the vanua, an Indigenous holistic category comprising the land, the ancestors, the

people and wildlife of the area. Fiji’s Methodist church (lotu) has remained strongest in rural

areas, where an alliance between church ministers (talatala) and Fiji’s chiefs (turaga) has better

withstood competition from later arriving Pentecostal and Adventist churches. Today the

main rituals of the lotu are church services. Such services are frequent and are the center of vil-

lage activities, especially on Sundays. In the village where this research took place, church ser-

vices occur at least three times on Sundays, and sometimes on other days throughout the

week. There are always three church services on a Sunday: at 7:00, 10:00, and 15:00. Every day
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where this research took place, villagers engage in daily village-wide prayer four times (at

6:00am, 12:00pm, 6:00pm, and 12:00am). Upon the beating of a traditional wooden drum

(loli) villagers are expected to stop what they are doing and engage in prayer.

Participants

We attempted to recruit all resident adult members of the village in all rounds of data collec-

tion. Out of the 50 regular village residents, 45 (25 males, 20 females, with ages ranging from

20–78 and a mean age of 46.72) completed a short survey that asked about religious beliefs and

behavior. On the day informants completed these surveys, there were 47 adults in the village,

so these data represent 96 percent of the population of the village at that time. The two villagers

(a husband and wife) present in the village in the time of survey data collection refused to

answer the survey because they previously conversed on similar topics with JS. Study protocols

were approved by the University of Connecticut Institutional Review Board and informants

provided written consent for household censuses, and the self-report and third-party judge-

ment surveys. All data and analysis scripts are publicly available on the Open Science Frame-

work (https://osf.io/7vp9m/).

Household censuses

A census of all village households (n = 20) took place from December, 2009 –March, 2010. The

census included collecting demographic (household residents, age, sex, marital status) and kin-

ship data. At the time of data collection, there was no secondary school in the area of the vil-

lage. When children reached the age of 14, they left the village to reside with relatives who

lived close to a secondary school. As a result, there were no children between 14–18 in the vil-

lage during fieldwork.

Self-report surveys

In addition to questions regarding local ancestor beliefs (see [30]), nine questions aimed at

measuring commitment to the Christian belief system were drawn from a modified form of a

cross-culturally tested religiosity scale [31–33]. These questions related to participants’ beliefs

(e.g., god’s existence), church attendance and practices (e.g., bible study), and experiences

(e.g., feeling of god’s presence) and were answered on a 5-point scale. The full survey can be

found in the S1 File (items were reversed for the analysis). Out of these nine questions, we sin-

gled out self-reported church attendance (from “Every time” to “Never”) as our main predictor

variable of observed attendance (see below).

Surveys were translated from English to Fijian and then back-translated to English to check

for accuracy. Informants read and filled out the surveys themselves at the village community

hall. Surveys were completed during the first week of April, 2010.

A variable by variable analysis revealed that responses to some of the nine variables exhib-

ited extremely low variance. For example, for the question on belief in God, 37 participants

chose the highest score on the scale (“I am sure that God exists and is active in my life”) while

8 participants answered one categorical response lower (“Although I sometimes question

God’s existence, I do believe in God, and believe that he knows of me as a person”), leaving

most of the 5-point scale unused. Further items with low variation included questions about

daily practice of prayer and a question about the degree to which Christianity gives comfort

and security. While disqualifying these items from further analysis (see S1 File for factor load-

ings of these items), the low variance and ceiling scores on these items illustrate high levels of

belief in the Christian God across the studied population. The latent variable related to com-

mitment to Christian beliefs was therefore constructed out of 5 variables that exhibited
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sufficient factor loadings and an adequate Cronbach’s alpha (α = 0.69). See S1 File for details

on the factor analysis.

Observed church attendance

Once every adult member of the village was known by sight, observational data collection of

church attendance began. Observations occurred across 48 church services from April 28th,

2010 –December 5th, 2010. The church minister, the village church elder, and the hereditary

chief (turaga ni yavusa) were all informed about the wish to collect data on church attendance,

and all consented. These three men, along with a research assistant, were the only people noti-

fied about the project. These individuals were asked not to inform other village members of

the data collection, in the hopes of not altering naturally occurring attendance in a public

space.

To record church attendance, a research assistant and JS sat in the back of the church and

repeatedly scanned all of the adult attendees throughout each service. Both JS and the research

assistant attended all services included in subsequent analyses. The research assistant was also

the elected (turaga ni koro), an executive office–separate to hereditary chieftainship–with

responsibility for ensuring compliance with village by-laws. Compliance with this local cus-

tomary law required individuals to notify the turaga ni koro when they left the village, say

where they were headed and also declare when they returned. Thus if an individual did not

attend the church service and was not in the village, with consultation of the turaga ni koro, it

was possible to note his or her location. To avoid disruption, and to maintain proper decorum

during church services, attendance registers were compiled immediately after the service at

JS’s residence.

Once back at JS’s residence, JS and the turaga ni koro separately filled out previously pre-

pared sheets and recorded whether or not a person attended, and if they did not attend if they

were present in the village. In all recordings there were no discrepancies between the observed

attendances noted by JS and the turaga ni koro. Those in the village were coded “at risk” of

attendance. These methods resulted in observational data on a total of 50 individuals. The

mode of events at risk was 48 while the mean was 42 and minimum 24. Of the 48 services

observed, the majority took place on Sundays (n = 41), with others less frequently observed

throughout the week (Mondays: n = 1; Tuesdays: n = 1; Wednesdays: n = 3; Thursdays: n = 1;

Saturdays: n = 1). As part of Fiji’s ongoing tradition of Sabbatarianism, Sunday attendance is

prioritised in the village with weekday attendance broadly viewed as additional and not substi-

tutional to Sunday worship.

Third party judgements

On November 15th, 2010, informants completed anonymous surveys that asked them to list

other village members who embody several traits or most frequently engage in a specific

behavior both positive and negative, including the most hardworking, the most cooperative,

the best fishers, the most frequent kava drinkers (typically seen as a trait associated with infre-

quent church attendance, see [34]) and the most frequent churchgoers. Informants were asked

to list the top five men and top five women who most embodied the trait, or most frequently

engaged in that behavior. On the morning of data collection, surveys and pencils were passed

out to everyone in the village at their homes. After completing the surveys, informants

returned the surveys by placing them in a large manila envelope at J.S.’s residence where they

were paid $2 FJ.

Combined men and women completed 46 surveys. Surveys asked informants to indicate

their sex, but very few actually did. All surveys were anonymous so this flaw in the survey
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instrument was not known until the completion of all surveys. As a result of this error, the data

from all surveys are analyzed together and no possible sex differences can be examined. How-

ever, given the small closed nature of this group and the public nature of the behaviors mea-

sured in these surveys, it is unlikely that men and women differ significantly in their rankings.

Each person was assigned a score of 5 if s/he was ranked first, a 4 if s/he was ranked second,

and so on down to 1 for being ranked fifth. These scores for each individual were then

summed across surveys for each individual, for each dimension of reputation. This resulted in

reputation scores that varied from 0 to a possible 230 (a person listed first across 46 surveys).

Analysis

All data were analysed in R, version 3.6.3 [35]. To examine the accuracy of self- reports, our

main outcome variable was observed attendance at Christian services for each individual with

attendance at 48 possible events. Not all participants were present in the village for all 48

events, thus we excluded events for individual participants when they were not at risk (i.e., par-

ticipants had a variable number of events they could attend). To account for the uneven num-

ber of events at risk between participants, we model the probability of participation at each

event that participants were at risk rather than summing the number of attended church ser-

vices for each individual, which would give biased estimates due to the uneven number of

events at risk. That is, our basic unit of analysis is an event for an individual, together compris-

ing 2101 data points (on average 42 events per participant). To account for the fact that atten-

dance at the 48 events is correlated for individual participants, we let the intercept vary for

each participant and the models include participant-level (rather than event-level) predictors.

Specifically, we modelled the probability of attendance with generalised linear mixed models

(GLMMs) using the glmer command from the lme4 package [36] and setting the family as

“binomial” (with logit link). The general structure of our models is as follows:

gðYiÞ ¼ ððbi0 þ u0jÞ þ Xj1::kbj1...kÞ � Binomialðn; pÞ

where Yi is the probability of attendance at an event transformed with the logit link g. βi0 is a

fixed intercept for an event and u0j is a varying intercept for individual participants. Xj1..k are

participant-level predictors (self-reported attendance, religiosity, third-party judgment, sex,

age, number of children) and βj1. . .k estimated regression coefficients for each predictor. Note

that we decided to analyse the data at the lowest possible level (participant-event risk) so as not

to lose information by transforming the outcome variable. However, transforming the out-

come variable to the percentage of at risk events attended and using a generalised linear model

with a beta family to model this percentage yields highly similar results (see https://osf.io/

7vp9m/ for details).

Five participants did not provide data on religiosity and one of those participants did not

know their year of birth. Since these missing data are not conditional on the outcome variable

(see S1 File), complete-case analysis should be comparable to multiple imputation [37]. Thus,

in the main text, we report the complete-case analysis but display models with imputed data in

the S1 File, section S1.2 (and see this section for further discussion of multiple imputation).

Though we sampled nearly the whole population, our sample size is rather small, and thus

we built parsimonious models including only the main predictor of interest or an interaction

between two predictors. An exception to this are models where we aimed to compare the rela-

tive importance of variables in predicting the probability of attendance. Relative predictor

importance was estimated with the semi-partial R2 statistic (R2
β�) developed by Jaeger et al.

[38] for GLMMs, using the command r2beta from the package r2glmm. The semi-partial R2
β�

expresses the association between the outcome and single predictor variable while accounting
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for other predictors in the model. As a general rule, we opted to first display the estimated rela-

tionship between the outcome variable and its predictors when individually added to the mod-

els, and then compared the strength of those predictors within one model using standardized

coefficients and the variance explained using the R2
β� statistic. See S1 File, section S1.3 for a

discussion of potential caveats that should be considered with this method.

Results

Predictors of observed attendance

Informants attended just over half (55%) of all possible events (2101), suggesting that the odds

of attending were 1.31 for an average individual. The participant with the lowest attendance

took part in 21% of all events when at risk, while the most frequent attendee took part in 96%

of possible events. As a first predictor of observed attendance, we used the self-reported atten-

dance (Never–Rarely–Sometimes–Frequently–Everytime) to check whether self-reported

attendance is a reliable predictor of observed attendance. However, as displayed in Fig 1A,

self-reported attendance displayed relatively low variability (Mself-reported = 3.91, SD = 0.85; see

Fig 1B for histogram), similar to other religiosity measures. While participants were distrib-

uted rather equally across the three highest options, no one reported that they “rarely” or

“never” attend church. This is consistent with ethnographic observations, which suggest that

there was no one in the village who never attended. Related to this shortcoming, self-reported

attendance was only weakly correlated with the probability of observed attendance (OR = 1.41;

95% CIs = [0.99, 2.04]). Specifically, scoring “sometimes” on the self-reported scale was associ-

ated with 48% probability of attending a single event while scoring “everytime” was associated

with a 65% probability of attendance.

The next variable associated with observed attendance we considered was self-reported

commitment to the Christian belief system (i.e., religiosity). Since religiosity was constructed

as a latent variable comprising five items (not including self-reported church attendance), we

observed more nuanced inter-individual variation in this predictor compared to self-reported

church attendance, albeit none of the participants scored on the lower portion of this variable

(Mreligiosity = 4.12, SD = 0.64; see Fig 1C for histogram). In the GLMM framework, moving one

point on the religiosity score was associated with increasing the odds of observed attendance

by 2.08 (95% CIs = [1.34, 3.27]). While the lowest scoring participant on this scale had the

probability of attending a single event estimated at 32%, the highest scoring participant had a

probability of 67%.

Finally, we also explored whether third-party judgements of church attendance obtained

from a villager’s peers would be predictive of observed attendance. The sum of individual

nominations (including the position in the nomination list) revealed that the mode of this

measure was 0 (no nomination for 16 out of 50 villagers) and the maximum obtained nomina-

tion-points was 135 (Mrepuatation = 20.28, SD = 35.08; see Fig 1D for histogram). The GLMM

estimated that an increase in ten nomination-points was associated with a 10.20 higher odds of

observed attendance and this effect was well estimated (95% CIs = [10.13, 10.27]). For the

non-nominated, the probability of attending was estimated at 47%, and for the most nomi-

nated person, the probability of attendance at each event was estimated at 93%. See Fig 1 for a

complete visual overview of these results.

We standardized these three predictors (reported attendance, religiosity and third-party

judgements) such that they would have a M = 0 and SD = 1 and compared their relative

strength in one model. Similar to the results reported above, third-party judgements of church

attendance was the strongest predictor: a change of 1 SD on a nomination score was associated

with an increased odds of attendance of 1.87, while for religiosity this increase was estimated
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at 1.17, and for self-reported attendance at 1.09 (Table 1). Together, these three variables were

estimated to explain 17% (R2
β� = 0.169) of variance in the observed attendance variable. The

semi-partial R2 for third-party judgements was estimated at R2
β�j = 0.101, for religiosity it was

estimated at R2
β�j = 0.006 and for self-reported attendance it was estimated at R2

β�j = 0.002.

Demographic correlates of inaccuracy in self-report

As the self-reported measure of attendance revealed a relatively poor association with observed

attendance, we explored further variables that could explain biases in self-reports. As a starting

point, we estimated the effects of demographic variables on observed attendance to identify

groups with lower attendance that may result in self-reporting bias. Investigating the effects of

sex, age, and education on observed attendance, we found that older and less educated

Fig 1. Observed attendance and its predictors. A–D report logit regression estimates with 95% CIs and underlying histograms of predictors. A. Histogram of

percentage of attended events when at risk. B. Self-reported attendance was only weakly associated with observed attendance, partially due to the low variability of this

scale. C. Likewise, religiosity revealed low variability, albeit its association with observed attendance was stronger than self-reported attendance. D. Third-party

judgements of attendance was the strongest predictor of observed attendance, as supported by the semi-partial R2 measure (R2
β� j).

https://doi.org/10.1371/journal.pone.0257160.g001
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participants were more likely to attend, as were males (albeit these effects were precisely esti-

mated only for age (Table 1)). Ethnographic observations conducted by JS suggested that

(especially younger) women are burdened with childcare, which could decrease their chances

of attendance and possibly lead to an over-reporting bias among these individuals. Indeed,

modelling the probability of attendance for women using the interaction between the number

of resident offspring under 14 years of age and self-reported attendance revealed that more res-

ident offspring was associated with a greater discrepancy between self-reported and observed

attendance. While the coefficient for self-reported attendance was positive for women with no

resident offspring (OR = 2.42, 95% CIs = [1.05, 5.81]), this coefficient was estimated to weaken

with each additional child by an odds of 0.58 (95% CIs = [0.34, 0.97]). The simplified results

are displayed in Fig 2. for illustration. Note that due to the relatively small sample size, the con-

fidence of the estimates is wide.

Discussion

Our results suggest that self-report of church attendance in a rural Fijian village is inaccurate,

but that some members within the village are more likely to over-report than others. Specifi-

cally, each additional child under 14 years was associated with higher rates of women over-esti-

mating their attendance. Speculating, it could be that women with several children report their

attendance levels prior to high childcare burdens, or that they simply report how much they

would go if they were not to have several children. Alternatively, these women might be more

susceptible to SDR due to often requiring allocare support from other village members, which

is frequent in Fijian villages, settings in which having a reputation for being religious is associ-

ated with positive social standing and increases in received cooperation [34].Through its more

precise sampling, our study’s analysis of variation in over-reporting by gender has been able to

go beyond accounts that stop at the general higher religiosity of women (e.g., [24]). Moreover,

Table 1. Raw estimated with 95% CIs from GLMMs reporting the coefficients for self-reported, peer-reported,

and demographic variables predicting observed attendance at church services.

Observed attendance

(1) (2)

Intercept 0.26 -0.62

(0.04, 0.49) (-1.95, 0.71)

Self-reported attendance 0.09 –

(-0.16, 0.34)

Religiosity 0.16 –

(-0.12, 0.43)

Third-party judgment 0.63 –

(0.35, 0.90)

Age – 0.03

(0.01, 0.05)

Sex – 0.34

(-0.21, 0.89)

Education – 0.08

(-0.06, 0.21)

N Observations 1,877 2,055

N Participants 45 49

Note. Self-reported attendance, religiosity, and reputation are z-scored. Age is centered at its mean.

https://doi.org/10.1371/journal.pone.0257160.t001
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our results suggest that the accuracy of self-report of church attendance is affected by the local

economic division of labor, particularly with respect to norms for childcare. Economic divi-

sions of labor vary cross-culturally, and it is likely that self-report biases in church attendance

will vary according to cultural differences in childcare norms.

We find that self-reported measures of religiosity are better associated with observed church

attendance than self-reported attendance. Finally, we find that third-party judgements of

church attendance are more reliably associated with observed attendance than self-reported

church attendance or religiosity. This finding is in line with research on the costly signalling

theory of ritual behavior [39] and suggests that community members do pay close attention to

ritual signals.

A potential rejoinder to the low accuracy of self-reports might focus on the form of ques-

tioning employed in this study. The imprecision of the ‘how often’ question style may have

Fig 2. Observed attendance by reported attendance among women with different numbers of offspring. Regression lines with 95% CIs. Self-

reported attendance was positively associated with observed attendance for women with zero to one child (n = 13), but this relationship was reversed for

women with two or more children (n = 9). Note that this plot is a simplified illustration of the statistical model where the number of children was

treated as a continuous variable.

https://doi.org/10.1371/journal.pone.0257160.g002
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drawn respondents to offer a generally-assumed rate of occurrence rather than the actual fre-

quency of their church attendance. Along with the undefined timeframe for respondents to

base their responses, this may have helped villagers look past any recent absenteeism [40].

However, not only have Vezzoni and Biolcati challenged the extent to which the ‘how often’

question actually produces this bias, they argue that a more definite timeframe may just as

likely undercount recently-absent, normally high attenders as an indefinite timeframe may

overcount regular absentees [41].

We were able to compare self-reports to naturally occurring attendance because of the

small face-to-face nature the study population, and we expect that these methods, and third-

party measures more generally, could be fruitfully employed among populations where all

group members are known to one another. Indeed, this research could have been conducted

without issue in any Fijian village (though the village in the current study is on smaller side of

Fijian villages), and in many settings where social scientists work. However, the methods we

employed are not readily adaptable to large social groups where community members may be

unknown to the researcher.

Methods other than self-report and third-party measures are likely more applicable in large

populations where there is large variation in religious behavior, and particularly in settings

where population level estimates of religious behavior are of interest. In a novel study, Gervais

and Najle [42] used the unmatched count technique to estimate levels of atheism in the United

States, where belief in God is prescribed and atheism is often stigmatized. The findings of Ger-

vais and Najle suggest that rates of atheism in the United States are at least twice as high as esti-

mates derived from self-report. These methods have been employed in a variety of domains

where SDR is expected [42], and could be further expanded to determine population level esti-

mates of religious belief and behavior in post-industrial settings.

In other words, the suitability of methods for assessing church attendance, religiosity, and/

or supernatural belief levels vary according to the size of the population of interest. The appro-

priateness of a method also depends on the research questions of interest. Researchers employ-

ing self-report surveys or time diaries on weekly church attendance are often interested in

changes in attendance over time, particularly as they may point to broad patterns of seculariza-

tion. Third-party measures are unlikely to be as useful as self-report surveys for understanding

changes in attendance over time, as they are difficult to scale-up to large populations, and the

repeated use of third-party surveys is not often practical. Our results suggest that third-party

measures may better capture within group variation in church attendance than self-report

measures at a fixed time point. Our current third-party measure, however, does not provide a

measure of attendance for any one individual, nor for a population-level estimate of atten-

dance. Moreover, our data indicate that individuals living in Fijian villages are highly religious

and it remains unknown whether third-party measures can capture variation in religious

behavior in less religious settings.

The past twenty to thirty years has seen a tremendous increase in the scientific study of reli-

gion [33, 43], and many of these studies rely upon self-report. Our findings call into question

the accuracy of some these data, at least in terms of how they operationalize variation in reli-

gious behavior, and suggest that the development of third-party judgments is warranted, par-

ticularly for use in smaller communities.

Supporting information

S1 File.

(DOCX)

PLOS ONE Self-report, systematic observation and third-party judgments of church attendance in a rural Fijian village

PLOS ONE | https://doi.org/10.1371/journal.pone.0257160 October 6, 2021 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257160.s001
https://doi.org/10.1371/journal.pone.0257160


Author Contributions

Conceptualization: John H. Shaver, Thomas A. J. White.

Data curation: John H. Shaver, Martin Lang.

Formal analysis: John H. Shaver, Martin Lang.

Methodology: John H. Shaver, Martin Lang.

Project administration: John H. Shaver.

Resources: John H. Shaver.

Visualization: Martin Lang.

Writing – original draft: John H. Shaver, Thomas A. J. White.

Writing – review & editing: John H. Shaver, Thomas A. J. White, Patrick Vakaoti, Martin

Lang.

References
1. Bernard HR, Killworth P, Kronenfeld D, Sailer L. The problem of informant accuracy: The validity of ret-

rospective data. Annu Rev Anthropol. 1984; 13: 495–517.

2. Placek CD, Srinivas V, Jayakrishna P, Madhivanan P. Mixed-methods and Repeated Measures in Sub-

stance Use Research: Implications for Informant Accuracy. Field Methods. 2019; 31: 344–358.

3. Bradburn NM, Rips LJ, Shevell SK. Answering autobiographical questions: The impact of memory and infer-

ence on surveys. Science. 1987; 236: 157–161. https://doi.org/10.1126/science.3563494 PMID: 3563494

4. Sudman S, Bradburn NM. Effects of time and memory factors on response in surveys. J Am Stat Assoc.

1973; 68: 805–815.

5. Brenner PS. Exceptional behavior or exceptional identity? Overreporting of church attendance in the

US. Public Opin Q. 2011; 75: 19–41.

6. Shweder RA, D’Andrade RG. The systematic distortion hypothesis. New Dir Methodol Soc Behav Sci.

1980; 4: 37–58.

7. Presser S, Stinson L. Data collection mode and social desirability bias in self-reported religious atten-

dance. Am Sociol Rev. 1998; 137–145.

8. Sackeim HA, Gur RC. Self-deception, other-deception, and self-reported psychopathology. J Consult

Clin Psychol. 1979; 47: 213. https://doi.org/10.1037//0022-006x.47.1.213 PMID: 429664

9. Paulhus DL. Two-component models of socially desirable responding. J Pers Soc Psychol. 1984; 46: 598.

10. Huang C, Liao H, Chang S. Social desirability and the Clinical Self-Report Inventory: methodological

reconsideration. J Clin Psychol. 1998; 54: 517–528. https://doi.org/10.1002/(sici)1097-4679(199806)

54:4<517::aid-jclp13>3.0.co;2-i PMID: 9623756

11. King MF, Bruner GC. Social desirability bias: A neglected aspect of validity testing. Psychol Mark. 2000;

17: 79–103.

12. Weisner TS, Gallimore R, Tharp RG. Concordance between ethnographer and folk perspectives:

Observed performance and self-ascription of sibling caretaking roles. Hum Organ. 1982; 237–244.

13. Fu H, Darroch JE, Henshaw SK, Kolb E. Measuring the extent of abortion underreporting in the 1995

National Survey of Family Growth. Fam Plann Perspect. 1998; 128–138. PMID: 9635261

14. Tooze JA, Subar AF, Thompson FE, Troiano R, Schatzkin A, Kipnis V. Psychosocial predictors of

energy underreporting in a large doubly labeled water study. Am J Clin Nutr. 2004; 79: 795–804. https://

doi.org/10.1093/ajcn/79.5.795 PMID: 15113717

15. Stuckey HL, Kraschnewski JL, Miller-Day M, Palm K, Larosa C, Sciamanna C. “Weighing” Two Qualita-

tive Methods: Self-report Interviews and Direct Observations of Participant Food Choices. Field Meth-

ods. 2014; 26: 343–361.

16. Anderson JR. The moderating role of socially desirable responding in implicit–explicit attitudes toward

asylum seekers. Int J Psychol. 2019; 54: 1–7. https://doi.org/10.1002/ijop.12439 PMID: 28675437

17. Latkin CA, Vlahov D, Anthony JC. Socially desirable responding and self-reported HIV infection risk

behaviors among intravenous drug users. Addiction. 1993; 88: 517–526. https://doi.org/10.1111/j.1360-

0443.1993.tb02058.x PMID: 8485429

PLOS ONE Self-report, systematic observation and third-party judgments of church attendance in a rural Fijian village

PLOS ONE | https://doi.org/10.1371/journal.pone.0257160 October 6, 2021 12 / 13

https://doi.org/10.1126/science.3563494
http://www.ncbi.nlm.nih.gov/pubmed/3563494
https://doi.org/10.1037//0022-006x.47.1.213
http://www.ncbi.nlm.nih.gov/pubmed/429664
https://doi.org/10.1002/%28sici%291097-4679%28199806%2954%3A4%26lt%3B517%3A%3Aaid-jclp13%26gt%3B3.0.co%3B2-i
https://doi.org/10.1002/%28sici%291097-4679%28199806%2954%3A4%26lt%3B517%3A%3Aaid-jclp13%26gt%3B3.0.co%3B2-i
http://www.ncbi.nlm.nih.gov/pubmed/9623756
http://www.ncbi.nlm.nih.gov/pubmed/9635261
https://doi.org/10.1093/ajcn/79.5.795
https://doi.org/10.1093/ajcn/79.5.795
http://www.ncbi.nlm.nih.gov/pubmed/15113717
https://doi.org/10.1002/ijop.12439
http://www.ncbi.nlm.nih.gov/pubmed/28675437
https://doi.org/10.1111/j.1360-0443.1993.tb02058.x
https://doi.org/10.1111/j.1360-0443.1993.tb02058.x
http://www.ncbi.nlm.nih.gov/pubmed/8485429
https://doi.org/10.1371/journal.pone.0257160


18. Babcock JC, Costa DM, Green CE, Eckhardt CI. What situations induce intimate partner violence? A

reliability and validity study of the Proximal Antecedents to Violent Episodes (PAVE) scale. J Fam Psy-

chol. 2004; 18: 433. https://doi.org/10.1037/0893-3200.18.3.433 PMID: 15382968

19. DiFranceisco W, McAuliffe TL, Sikkema KJ. Influences of survey instrument format and social desirabil-

ity on the reliability of self-reported high risk sexual behavior. AIDS Behav. 1998; 2: 329–337.

20. Brown-Iannuzzi JL, Najle MB, Gervais WM. The illusion of political tolerance: Social desirability and

self-reported voting preferences. Soc Psychol Personal Sci. 2019; 10: 364–373.

21. Hadaway CK, Marler PL, Chaves M. What the polls don’t show: A closer look at US church attendance.

Am Sociol Rev. 1993; 741–752.

22. Bauman A, Bittman M, Gershuny J. A short history of time use research; implications for public health.

BMC Public Health. 2019; 19: 607. https://doi.org/10.1186/s12889-019-6760-y PMID: 31159790

23. Brenner PS. Identity importance and the overreporting of religious service attendance: Multiple imputa-

tion of religious attendance using the American Time Use Study and the General Social Survey. J Sci

Study Relig. 2011; 50: 103–115.

24. Brenner PS. Testing the veracity of self-reported religious practice in the Muslim world. Soc Forces.

2014; 92: 1009–1037.

25. Brenner PS. Identity as a Determinant of the Overreporting of Church Attendance in Canada. J Sci

Study Relig. 2012; 51: 377–385.

26. Lawton MP. Methods and concepts for time-budget research on elders. Time use research in the social

sciences. Springer; 2002. pp. 107–125.

27. Robinson JP. The Time-Diary Method. In: Pentland WE, Harvey AS, Lawton MP, McColl MA, editors.

Time Use Research in the Social Sciences. Boston, MA: Springer US; 2002. pp. 47–89. https://doi.org/

10.1007/0-306-47155-8_3

28. Hardt J, Rutter M. Validity of adult retrospective reports of adverse childhood experiences: review of the

evidence. J Child Psychol Psychiatry. 2004; 45: 260–273. https://doi.org/10.1111/j.1469-7610.2004.

00218.x PMID: 14982240

29. Balboni G, Coscarelli A, Giunti G, Schalock RL. The assessment of the quality of life of adults with intel-

lectual disability: The use of self-report and report of others assessment strategies. Res Dev Disabil.

2013; 34: 4248–4254. https://doi.org/10.1016/j.ridd.2013.09.009 PMID: 24113223

30. Shaver JH. The behavioral ecology of Fijian religion. University of Connecticut. 2012.

31. Nicholas LJ. The association between religiosity, sexual fantasy, participation in sexual acts, sexual

enjoyment, exposure, and reaction to sexual materials among black South Africans. J Sex Marital Ther.

2004; 30: 37–42. https://doi.org/10.1080/00926230490247264 PMID: 14660292

32. Nicholas L, Durrheim K. Religiosity, AIDS, and sexuality knowledge, attitudes, beliefs, and practices of

black South-African first-year university students. Psychol Rep. 1995; 77: 1328–1330. https://doi.org/

10.2466/pr0.1995.77.3f.1328 PMID: 8643798

33. Rohr D, Wildman WJ, Sosis R, Bulbulia J, Schjoedt U, Daniels J, et al. Reflections on the scientific

study of religion after the first decade of Religion, Brain & Behavior. 2020.

34. Shaver JH. The evolution of stratification in Fijian ritual participation. Relig Brain Behav. 2015; 5: 101–

117. https://doi.org/10.1080/2153599X.2014.893253

35. R Core Team. R: A Language and Environment for Statistical Computing. Vienna: R Foundation for

Statistical Computing; 2020.

36. Bates DM, Maechler M, Bolker BM, Walker SC. Fitting linear mixed-effects models using lme4. J Stat

Softw. 2015; 67: 1–48. https://doi.org/10.1177/009286150103500418

37. Van Buuren S. Flexible imputation of missing data. Boca Raton: Chapman & Hall/CRC; 2018.

38. Jaeger BC, Edwards LJ, Das K, Sen PK. An R2 statistic for fixed effects in the generalized linear mixed

model. J Appl Stat. 2017; 44: 1086–1105. https://doi.org/10.1080/02664763.2016.1193725

39. Sosis R, Alcorta C. Signaling, solidarity, and the sacred: The evolution of religious behavior. Evol

Anthropol Issues News Rev Issues News Rev. 2003; 12: 264–274.

40. Burton S, Blair E. Task conditions, response formulation processes, and response accuracy for behav-

ioral frequency questions in surveys. Public Opin Q. 1991; 55: 50–79.

41. Vezzoni C, Biolcati F. Calibrating self-reported church attendance questions in online surveys. Experi-

mental evidence from the Italian context. Soc Compass. 2019; 66: 596–616.

42. Gervais WM, Najle MB. How many atheists are there? Soc Psychol Personal Sci. 2018; 9: 3–10.

43. McNamara P, Sosis R, Wildman WJ. Announcing a new journal: Religion, Brain & Behavior. 2011.

PLOS ONE Self-report, systematic observation and third-party judgments of church attendance in a rural Fijian village

PLOS ONE | https://doi.org/10.1371/journal.pone.0257160 October 6, 2021 13 / 13

https://doi.org/10.1037/0893-3200.18.3.433
http://www.ncbi.nlm.nih.gov/pubmed/15382968
https://doi.org/10.1186/s12889-019-6760-y
http://www.ncbi.nlm.nih.gov/pubmed/31159790
https://doi.org/10.1007/0-306-47155-8_3
https://doi.org/10.1007/0-306-47155-8_3
https://doi.org/10.1111/j.1469-7610.2004.00218.x
https://doi.org/10.1111/j.1469-7610.2004.00218.x
http://www.ncbi.nlm.nih.gov/pubmed/14982240
https://doi.org/10.1016/j.ridd.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24113223
https://doi.org/10.1080/00926230490247264
http://www.ncbi.nlm.nih.gov/pubmed/14660292
https://doi.org/10.2466/pr0.1995.77.3f.1328
https://doi.org/10.2466/pr0.1995.77.3f.1328
http://www.ncbi.nlm.nih.gov/pubmed/8643798
https://doi.org/10.1080/2153599X.2014.893253
https://doi.org/10.1177/009286150103500418
https://doi.org/10.1080/02664763.2016.1193725
https://doi.org/10.1371/journal.pone.0257160

