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What causes the difference in mean structures between online and paper-and-pencil administrations?: Examination using the Self-report Depression Scale

ABSTRACT
Due to the many advantages of online surveys, many researchers are taking advantage of this survey method. Although for many psychological instruments, previous studies have shown that online and paper-and-pencil administration formats have equivalent results, other studies have shown that some online surveys result in different score distributions from those observed through paper-and-pencil administration. In this study, we conducted surveys using Zung’s self-report depression scale (SDS) to Japanese undergraduates both online and through paper-and-pencil and examined whether there are differences between different administration formats only in the scale’s mean structures and, if so, why the difference occurs. Analysis results showed that there was the difference only in mean structures. Results also implied that the online administration format lowers item thresholds; this decrease would cause the difference between the two formats’ mean structures. Finally, we think about the future directions of this research; to examine whether similar results would be seen in other scales, other countries, and other generations. 
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Introduction
Today, online surveys have become more and more popular in social sciences (e.g., Miura & Kobayashi, 2016). There are many advantages with the online administration of questionnaires. First, online surveys can be taken long-distance. This gives researchers opportunities to access individuals who cannot participate in paper-and-pencil surveys. Online surveys, for example, have provided samples which were more diverse in terms of gender, socioeconomic status, geographic region, and age than paper-and-pencil surveys, and which are more representative of studied populations (Gosling, Vazire, Srivastava, & John, 2004). Second, in online surveys, we can also prevent missing values by requiring all items to be completed before the survey is submitted. In addition, online surveys provide us data which can be directly used in statistical programs directly. This reduces costs and time associated with studies and is relatively inexpensive. Furthermore, online surveys enable researchers to provide immediate feedback regarding the study results to participants, which may increase participants’ motivation to complete the study. Because of these advantages, many psychological instruments have been used in an online format (Buchanan & Smith, 1999b; Carlbring et al., 2007; Schmidt, 1997). 
To administer psychological instrument online when it was originally developed for paper-and-pencil use, we must assess the equivalence of results from the two administration formats rather than assume that they will be the same (e.g., Buchanan et al., 2005; Hirose, 2000). For example, scale scores of the two administration formats need to have similar means, variances, and distributions, and give similar percentile ranks of respondents. 
Many studies have tackled equivalence confirmation between different administration formats. These validation studies have shown that although there were some cases that implied differences between paper-and-pencil and online administration formats in terms of measuring constructs (e.g., Buchanan et al., 2005), equivalence was confirmed for many psychological instruments (e.g., Buchanan & Smith, 1999a; Carlbring et al., 2007; Gosling et al. 2004; Pasveer & Ellard, 1998; Spek, Nyklicek, Cuijpers, & Pop, 2008; Thorén, Andersson, & Lunner, 2012). For example, Buchanan and Smith (1999a), Carlbring et al. (2007), and Pasveer and Ellard (1998) showed that alpha coefficients of online and paper-and-pencil administrations were similar in SMS-R (Gangestad & Snyder, 1985), BDI II (Beck & Steer, 1996), and STQ (Pasveer & Ellard, 1998) and so on. In addition, Buchanan and Smith (1999a) and Pasveer and Ellard (1998) reported that factor structures of scales were nearly identical between the two administration formats in SMS-R and STQ. 
On the other hand, some research shows that online administration formats may decrease embarrassment, feelings of being judged, or shyness in responding scales, and encourage participants’ honest responses (Gosling et al. 2004; Whitehead, 2007). Joinson (1999) also reported that online administration formats lower participants’ social anxiety and social desirability than paper-and pencil administration. Along with these studies, Buchanan (2002) suggests that there is a difference in some scale scores levels between online and paper-and-pencil administration. Previous studies have also reported that some online administered scale scores tended to have different levels from those administered by paper-and-pencil on average (Davis, 1999; Schulenberg & Yutrzenka, 1999). Based on these studies, we believe that there are differences between online and paper-and-pencil administration formats in a scale’s mean structures, but not covariance structures. The aim of this study was to understand why this difference occurs, and what mechanism influences the difference. 
In this study, we conducted surveys using the same scale (SDS) on both paper-and-pencil and online formats. Then, using the collected data, we examined whether there were differences between administration formats in the scale’s mean structures and there were no differences in the scale’s covariance structures. Furthermore, if there were only differences in mean structures, we examined why the difference occurred. 
Methods
Measures
In this study, we used Zung’s self-report depression scale (SDS; Zung, 1965; Japanese translation: Fukuda & Kobayashi, 1973) for data collection. The SDS measures the severity of depressive symptoms at the time of testing (Fukuda & Kobayashi, 1973; Zung, 1965). The SDS is a 4-point 20-item Likert-type scale ranging from 1 (a little of the time) to 4 (most of the time). The items reflect common symptoms of depression, e.g., “I feel down-hearted and blue” and “morning is when I feel the best.” Of the 20 items, 10 are negatively worded. 
Participants
Undergraduates were chosen as study participants. Depression at this age is associated with significant psychological or social outcomes (e.g., Angst, 1996; Ettner, Frank, & Kessler, 1997; Kessler et al., 2005; Kessler, Foster, Saunders, & Stang, 1995; Kessler, Walters, & Forthofer, 1998; Weitzman, 2004), and many studies focus on measuring depression during this time period. For the disciplines such as clinical psychology, it is therefore useful to investigate the difference of the psychometric properties of SDS scores between online and paper-and-pencil administration. 
Paper-and-pencil administration.
Between April and December 2011, paper-based questionnaires were distributed to 471 Japanese students enrolled in undergraduate psychology classes in 2 universities (men: 274, women: 188, unknown: 9). The mean age of participants was 20.28 years (SD = 1.22). 
Online administration. 
In December 2014 and February 2015, online questionnaire surveys were conducted with 1,000 (men: 500, women: 500) and 824 (men: 412, women: 412) Japanese university students, respectively. Both participant groups were recruited from the general Japanese undergraduate population by an Internet panel survey provider Macromill, Inc. The mean age of participants was 20.78 years (SD = 1.69) and 20.82 years (SD = 1.70) respectively. 
Procedure
Paper-and-pencil administration. 
Participants completed the SDS questionnaire as part of a study designed to investigate the relations between depression and the intention to seek help. The questionnaire was distributed to undergraduates either right before or after their scheduled lecture sessions. Students were asked to read the information sheet and then complete the survey immediately if they agreed to participate in the study. The top page of the questionnaire contained the consent paragraph which noted that the process of participants proceeding to the survey and completing it constituted consent. Participants gave demographic information concerning age, gender, and grade, and then read and answered the SDS as well as other questionnaires. After completion, the questionnaire was immediately collected. The study was approved by the ethics committee of the second author’s affiliated university. 
Online administration. 
For online administration, participants completed the SDS questionnaire as part of a separate study designed to compare multiple different depression scales. Participants were asked to read the information page first, and then answer the online questionnaire immediately if they agreed to participate in the study. The top page of the questionnaire contained the consent paragraph which noted that completing the survey constituted consent. Participants also gave demographic information such as age and gender. This study was approved by the ethics committee of the second author’s affiliated university. 
For both administrations, no identifying information was collected in order to keep the data anonymous. 
Analysis
To examine whether there are differences between online and paper-and-pencil formats in the mean structures of the SDS and, if so, why the difference occurs, we completed the following analyses. First, we calculated descriptive statistics, including the means and standard deviations of SDS total scores in the two administration samples. Then, based on the cut-off scores provided in a previous study (Kawakami & Koizumi, 1986), we checked frequency distributions of depression in the two samples. Next, we calculated an effect size, Hedges’ g, and variance-covariance matrices of the item scores in the two samples. Further, we made scree plots and calculated alpha coefficients. In addition, we performed explanatory factor analyses (EFA) and multiple-group confirmatory factor analysis (MGCFA). In MGCFA, we assumed that items of each scale were on ordinal scales, and we estimated the parameters by weighted least squares estimation with robust standard errors and a mean- and variance-adjusted test statistic. Within MGCFA, we assumed that the two groups had equal loadings, uniqueness, and factor means & variances (only item thresholds were different between two groups) based on the analyses results at that point. After fitting the model, we assessed model fit indices. Finally, we applied t test to estimated threshold differences and calculated Cohen’s d of the estimated thresholds. 
Statistical analyses were conducted using R 3.5.3 (R Core Team, 2019) and R packages; compute.es (Del Re, 2013), psych (Revelle, 2018), and lavaan (Rosseel, 2012). 
Results
Excluding participants with missing values
  We excluded the data of 7 participants’ with missing values from the analysis. This reduced the sample size to 2288. 
Descriptive statistics
  We calculated descriptive statistics of the SDS total scores. The mean±SD for the total scores were 42.36±7.52 in paper-and-pencil administration and 44.58±8.49 in online administration. 
Frequency distribution of depression
Based on the cut-off scores presented in a previous study using Japanese samples (Kawakami & Koizumi, 1986), we examined frequency distributions of depression severity. The results showed that 175 (38%) of the participants were non-depressed (39), 172 (37%) slightly (40-47), 99 (21%) mildly (48-55), and 18 (4%) severely (56≤) on the paper-and-pencil administration. On the other hand, among the participants who completed on the online format, 515 (28%) were non-depressed (39), 588 (32%) slightly (40-47), 563 (31%) mildly (48-55), and 158 (9%) severely (56≤).
Hedges’ g of the total scores
  We calculated the Hedges’ g in order to estimate the standardized mean difference between the total scores (the mean of online sample – the mean of paper-and-pencil sample). Calculated Hedges’ g was .27, implying that there was small effect between paper-and-pencil and online administration (Cohen, 1969). 
Variance-covariance matrices of the item scores
We calculated variance-covariance matrices of item scores in the two samples. The results showed that both matrices had almost the same structure; the mean difference of the two matrixes’ components was -0.04.
Scree plots of the correlation matrices
To examine the dimensionality, we made scree plots from the sample correlation matrices of the paper-and-pencil and online administration data (Figure 1). The scree plots showed that the two data sets had similar scree plots, and that these scree plots implied that there were two factors behind the both data. 
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Figure 1. Scree plots of the paper-and-pencil and online administration samples

Alpha coefficients of the sum scores
We calculated the alpha coefficients of the sum scores in the two samples. The value in the paper-and-pencil administration was .777, while the online format’s value was .819. From these values, we can state that the reliabilities of the two sum scores were similarly high. 
Exploratory factor analysis
To assess the equality of measured constructs between paper-and-pencil and online administration formats, we conducted exploratory factor analyses to the two samples. The scree plots implied that, regardless of administration formats, there were two factors behind SDS items; this is similar to the results of Umegaki and Todo (2017). SDS was, however, theoretically developed to measure a single factor, depression; a meta-analysis supported this (Shafer, 2006). Therefore, within this study, we conducted EFAs hypothesizing one-factor structure to the samples. 
Conducting one-factor EFAs, we calculated the correlation of factor loadings between paper-and-pencil and online administration formats. The calculated correlation was a very high positive value (.901); this implied that these two administration formats measured the same construct, depression.
Multiple-Group Confirmatory Factor Analysis
  We performed MGCFA on the data from paper-and-pencil and online administration samples. Fit indices were CFI = .741; RMSEA = .135; 𝜒2 (359) = 7858.068, p < .001. The low CFI, slightly high RMSEA and significant chi-square statistic were not surprising, given the evidence for two-factor structures of the SDS (e.g., Figure 1) and the large number of participants included in the present study. On the other hand, the fit indices of this restricted MGCFA model were better than those of the MGCFA model with no restriction (CFI = .722; RMSEA = .144). The test statistic, which indicates discrepancy between fitted model and data, of the unrestricted MGCFA model was much higher (𝜒2 (340) = 8384.013) than that of the restricted model. Therefore, from these results, it was likely that the restricted model fit the data.
Comparison of threshold parameter estimates
  Finally, utilizing estimates of the restricted MGCFA model, we calculated threshold differences (an estimated threshold parameter of the paper-and-pencil sample – that of online sample), and applied one sample (one-sided) t test to the results. The outcomes showed that the mean of thresholds differences is likely to be not equal to 0 (t = 3.18, df = 59, p < 0.01). In addition, we calculated Cohen’s d of estimated threshold parameters (the mean of paper-and-pencil sample – the mean of online sample), which was .13. This result implied that administration formats slightly affect item thresholds. 
Discussion
Summary and discussion of the results
In this study, to assess whether different administration formats do not affect scales’ covariance structures but do affect mean structures and to understand the factor which causes the difference in mean structures, we conducted surveys using a self-report depression scale (SDS) to Japanese undergraduates using paper-and-pencil and online administration formats. 
Within this study, the mean of SDS total scores in the online administration sample was higher than that of the paper-and-pencil administration. The ratio of Japanese undergraduates with mild or severe depression in the online administration was also higher than that of the paper-and-pencil administration. This was the expected result. In addition, the estimates of standardized mean difference (Hedges’s g) showed small effect between the administration formats, which implied that the same tendency would also be seen in the population (Japanese undergraduates). Although total score variance in the online samples was bigger than that of paper-and-pencil samples, this result was consistent with previous studies (Buchanan & Smith, 1999b; Pasveer & Ellard, 1998). We can regard this result as evidence that this study’s results were valid. 
On the other hand, the variance-covariance matrices of item scores, scree plots, alpha coefficients, and the results of one-factor EFA were almost the same between administration formats. These results support our hypothesis that administration formats do not change measured constructs, and we can suppose that regardless of administration formats, SDS accurately measures depression. 
By MGCFA, we confirmed that the model with different thresholds between administration formats had a better fit to the data than the unrestricted model. Analyses of the threshold estimates (one sample t test and Cohen’s d) revealed that the estimates of the online administration format tended to be slightly smaller than those of paper-and-pencil administration. These results suggest that online administration lowers item thresholds slightly and that this decrease in threshold values causes the difference in mean structures between administration formats. 
[bookmark: _Hlk31996556]Limitations and future directions for research
  Before the information gained during this study can be utilized in the future, there are some points that should be examined. 
First, we confirmed that there was a difference in mean structures of SDS between paper-and-pencil and online administrations. However, it is not certain whether the all scales show similar trends between different administration formats. It may be that this trend is seen only in the scales which measure subtle and/or extreme constructs such as depression, divorce, sexual behavior, and so on. Therefore, we need to examine whether this trend would be seen in other scales. 
Second, Japanese people tend more towards collectivism than Western people. Because the participants in this study were Japanese undergraduates, they may have felt embarrassed, that they were being judged, or have felt shy when responding to SDS. This may have heightened their social anxiety and social desirability when completing the paper-and-pencil formatted SDS, which may be one of the reasons for the differences in this study. Thus, before the results from this study can be generalized, we need to examine whether similar results would be seen in other countries. 
Third, because the participants of the present study were adolescents, they may be in the midst of forming their own identity. If this is correct, they may be sensitive to evaluations from others, and which may have also been a factor in the differences in this study. In future studies, we need to conduct similar surveys with adults to examine whether similar results would be seen. 
Finally, this time, we used data of different cohorts to examine research questions. Although we confirmed the administration formats’ effect on scales’ mean structures and got the implication of the cause, this cohort difference might have caused this study’s results. Therefore, in the future, we have to do the same research with the different data sets to examine whether similar results would be replicated.
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