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Abstract

Research examining the equivalence of paper and computer-based adult mental health
measures has found mixed results, and this issue has not been explored for child self-report
measures. Results from adult studies cannot be generalised to young people, especially
taking into consideration research indicating that current generations are more comfortable
disclosing sensitive information on computer-based media. This paper investigates the
psychometric equivalence of the paper (N = 777) and computer (N = 777) formats of a child
and adolescent self-report mental health measure, ‘Me and My School’ (M&MS), completed
by school pupils aged 8-14 years. Common practice in equivalence testing has been to use
scale-level analysis and factor structure equivalence; the limitation being inability to assess
format-based differences at the item-level. We conduct differential item functioning (DIF)
analysis to assess whether item-response probability is different based on survey format.
Results demonstrate that young people completing the M&MS on paper have lower scale-
level overall scores. However, DIF analyses indicate that this difference is not explained by

item-level probabilities. The results suggest that survey format equivalence testing of other
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widely used child and adolescent mental health measures may be necessary before data

from different formats are directly compared or combined.
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Introduction

Computers are increasingly being used with adult and child populations to complete
guestionnaires, whether for population-based epidemiological surveys, assessing health
outcomes in services or screening for problems. Computer-based survey methods are
recognised as having many benefits over paper survey methods, such as increased
efficiency of data collection and management and reduced coding errors, which in turn
increase the speed at which feedback and results can be produced (Hayslett & Wildemuth,
2004; Kays, Gathercoal, & Buhrow, 2012). Even though computer based surveys have many
advantages, paper based surveys may sometimes be preferable, especially in clinical

settings and in settings where access to computers is limited.

However, studies of questionnaire format have found that format influences survey response
rates (Hayslett & Wildemuth, 2004), item response and missed items, especially for items of
a sensitive nature (Kays et al., 2012), and social desirability effects (Booth-Kewley, Larson,
& Miyoshi, 2007). This indicates that psychometric equivalence between different survey
formats, such as paper-based and computer-based, cannot be assumed. In support of this,
the American Educational Research Association, American Psychological Association, and
National Council on Measurement in Education (1999) highlighted the need for cross-format
equivalences to be established prior to direct comparison of data collected from paper-based
surveys and computer- and internet-based surveys. The Scientific Advisory Committee of
the Medical Outcomes Trust (2002) included validation of alternate forms of measures into
their assessment framework for measures of health outcomes and quality of life. Hence, it is
critical to establish when and where there is cross-format equivalence before data collected

from multiple formats can be considered comparable.

While psychometric equivalence is not routinely tested in mental health measurement,
especially in child and adolescent mental health, some widely used adult mental health
measures have been investigated, yielding mixed results. Hollandare, Andersson, and
Engstrom (2010) tested the equivalence of the Beck Depression Inventory (BDI-11) and the

Montgomery—Asberg Depression Rating Scale — self-rated and found partial format effects



for the BDI-II.. Wijndaele et al. (2007) assessed the equivalence of five mental-health-related
measures in adults, including the General Health Questionnaire (GHQ-12) and Symptom
Checklist (SCL-90-R). Equivalence varied depending on the measure, with low test-retest
coefficients for the SCL-90-R and high coefficients for the GHQ-12. Whitehead (2011) tested
the equivalence of internet and paper formats of the Hospital Anxiety and Depression Scale
and the Fatigue Symptom Inventory using separate samples, and found significantly higher
fatigue being reported online.

While different formats of many of the most widely used child self-report mental health
measures exist, such as the Strengths and Difficulties Questionnaire (SDQ; Goodman,
1997) and the Achenbach System of Empirically Based Assessment (ASEBA; Achenbach &
Rescorla, 2001), equivalence testing is not common practice. In seeking to establish
equivalence of these different formats for children, it is not sufficient to generalise from
findings from adult measures. There are many differences in how young people experience
computer-based environments compared with adults (Prensky, 2001). Current generations
of young people are not only more comfortable and proficient with computers and newer
technologies, but they also use them to self-express and are more comfortable disclosing
sensitive information on these media (Livingstone, 2008; Turner et al., 1998). The proposed
explanation is that young people’s conception of privacy and intimacy when using computers
and the internet are different from that of previous generations, mainly as a result of having
grown up with access to these technologies (Livingstone, 2008).

Existing research testing equivalence between survey formats consistently uses scale-level
approaches such as means, internal consistency, correlations, and testing constancy of
factor structure across formats. These statistics are necessary but not sufficient to establish
equivalence of survey formats as they provide information only at the scale-level. Scale-level
analyses do not account for how individuals at different levels of the latent construct perform
on the individual items of the instrument (Hambleton & Jones, 1993; Raykov & Marcolides,
2011). This limitation is dealt with in item-level approaches, such as IRT, as at the core of
these approaches is a model that describes how individual subject responses on items of an
instrument relate to an unobservable trait (Hambleton & Jones, 1993; Raykov & Marcolides,
2011).

One of the key constructs within the item-based framework is looking at item response

probability based on different groups, which is termed differential item functioning (DIF;



Walker, 2011). DIF occurs when individuals at the same level of the trait or construct being
measured have unequal probabilities of attaining a given score on a given item, usually on
the basis of sociodemographic grouping such as gender or ethnicity (Rogers, 2005). DIF
analysis therefore attempts to disentangle these item-performance differences while
controlling for overall score on the latent trait. We propose using item-level analysis such as
DIF alongside scale-level analyses to establish whether differences exist at the item-level,
the scale-level or both.

In mental health measurement, especially child and adolescent mental health measurement,
techniques such as DIF analysis are not yet widely used (Sharp Goodyer & Croudace,
2006), even though they have been in existence for a few decades and are routinely used in
measure construction and evaluation in other fields, particularly education (e.g. Le, 2009).
More recently, measures of child and adolescent mental health have used item-level
analyses either to justify existing scale properties and items (Sharp et al., 2006) or to help in
item selection (Deighton et al., 2013; Ravens-Sieberer et al., 2007). Petersen et al. (2003)
used DIF analysis to compare translations of an emotional functional scale (EORTC QLQ-
C30). Extending this application of DIF, the methodology can be applied to assess whether
there are differences in item functionality across different formats (e.g., paper and computer)

of the same instrument.

In light of the mixed results found with adult measures of mental health, and literature
highlighting the differences between current generations of young people and adults in terms
of the relationship they have with computers and the internet, we propose to test the
psychometric equivalence of the computer and paper survey formats of a self-report
measure of mental health, the Me and My School Questionnaire (M&MS; Deighton et al
2013), that was developed as a community based screening-tool of general mental health for
children as young as 8 years old. The M&MS has also recently been included as a routine
outcome measure in specialist mental health services in the UK. As far as the authors are
aware, this is the first study looking at equivalence between the paper and computer-based

formats of a child and adolescent self-report measure of general mental health.

In terms of study methodology used to test psychometric equivalence between survey
formats, two approaches are commonly used: same sample repeated measurement (e.g.
Hollandare et al., 2010) and comparison of separate demographically similar samples (e.g.,

Ritter et al., 2004). In this study we have chosen to use demographically matched samples



to avoid practice and order effects associated with repeated measurement (as found in
Hollandere et al., 2010).

This paper seeks to establish whether there is psychometric equivalence between the paper
and computer-based versions of a child self-report mental health measure, the M&MS , both
at the scale-level and at the item-level, with the expectation that, given that children might be
more comfortable disclosing information on a computer-based medium, there might be

psychometric inequivalences.

Method

Sample

Participants were school-aged children from school years 4 to 9 (age 8—14 years) in the
English school system. Sociodemographic information collected included gender, ethnicity
and eligibility for free school meals, which is often used as a proxy for socioeconomic

deprivation in school-based research in England (Hobbs & Vignoles, 2010).

Paper surveys. Paper survey data were collected from three secondary schools and four
primary schools across England. A total of 863 pupils from seven schools answered the
paper version of the M&MS questionnaire. Out of these, 777 (90%) participants completed
all the items from both the emotional and behavioural difficulties scales. For the item-level
DIF analysis all items needed to be complete, and for this reason only pupils who completed

all items were included in the analysis.

Computer surveys. The computer-based survey comparison group (N = 777) was selected
from a large comparison pool of 39,168 pupils (comprising 87.3% of the total sample with no
missing items) from 630 primary and 180 secondary schools who completed the survey as
part of a national study of mental health in schools (Wolpert et al., 2011). Exact matching on
all four demographic characteristics (year group, gender, ethnicity and socioeconomic
status) was possible and was carried out using psmatch2 (Leuven & Sianesi, 2003) in
STATA (StataCorp, 2011) to create a one-to-one matched comparison group. This method is
akin to a random allocation approach and ensures that any differences between the two
groups are not due to differences in such key demographic predictors (Bland & Altman,
1994). After taking into account the demographic variables the subsample of 777 computer-

based surveys was not different from, and hence was representative of, the large pool of



39,168 pupils who completed the computer-based survey (emotional difficulties, f = 0.002, p
= .72; behavioural difficulties, f = 0.005, p = .35).

As the samples were exactly matched, there were absolutely no differences in the sample
characteristics of both groups on measured socio-demographic variables. The pupils in both
samples ranged from Year 4 to Year 9 (7.3% Y4, 15.4% Y5, 7.1% Y6, 11.8% Y7, 33.7% Y8,
24.6% Y9). 51.7% of the sample was male (n = 402). 53.7% of the sample was classified as
White British followed by 16.9% Black, 10.4% White other, 9% Mixed, 7.1% Asian, 1.9%
other, and 1% of participating pupils were unclassified. 23% (n = 179) of the sample were
eligible for free school meals (FSM). In terms of representativeness, the sample was more
deprived than the national school population (FSM: sample 23%, national 12—-14%) and had
a lower proportion of White British pupils (sample 53.7%, national 73—77%; Department for
Education, 2010).

Me and My School questionnaire (M&MS)

The M&MS (Deighton et al., 2013) is a 16-item measure comprising a 10-item emotional
difficulties scale and a 6-item behavioural difficulties scale. Participants respond to each item
by selecting one of three options: Never, Sometimes, Always. The items in the measure do
not exhibit DIF on the basis of demographic groupings such as having English as an
additional language, special educational needs and socioeconomic status (Deighton et al.,
2013). The measure has at-risk thresholds with a score of 10 and above (10-11 borderline,
12 + clinical) indicating problems on the emotional difficulties scale and 6 and above (6
borderline, 7+clinical) indicating behavioural problems on the behavioural difficulties scale
(Deighton et al., 2013). Given the focus on item-level analysis in the current paper Table 1

presents item response descriptives for the paper and computer survey samples.

<insert Table 1 around here>

Procedure

Paper surveys were completed in classroom-based sessions during the normal school day in
the presence of class teachers and facilitated by researchers to ensure privacy of
responses. Computer-based surveys were completed by pupils using computers in school
within the normal school day with support from their class teachers. Pupils could access their

guestionnaire with a unique code that was assigned to them by the research team. Both



online and paper versions presented items in a clear and child-friendly manner and in
exactly the same sequence; the key difference between the formats is that in the computer
version items were presented one at a time, whereas in the paper version they were
presented one below the other. In both phases of data collection consent was sought from
parents via mail beforehand. All pupils received information about the study, including
explanation of the confidentiality of their responses and their right to decline to participate
and drop out at any time.

Analysis and Results

Five steps were taken to establish the level of equivalence between the paper and
computer-based versions of the measure. First, scale-level mean comparisons were carried
out for the emotional and behavioural difficulties scales reported via paper and computer-
based formats. Second, a categorical data confirmatory factor analysis was conducted to
confirm whether the known existing factor structure of the measure fitted the data collected
from paper questionnaires. Third, internal reliabilities of the scales in both formats were
compared using the Cronbach’s alpha coefficient of internal consistency. Fourth, DIF
analysis was conducted to assess the equivalence of item-response probabilities in the two
formats. Lastly, Differential Test Functioning (DTF) analysis was conducted to compare how

the entire set of items functioned in the different survey formats

Means and variances

Overall, as can be seen in Table 2, mean scores were significantly lower in the paper survey
sample compared with the computer survey sample for both emotional difficulties (effect
size, d = 0.2) and behavioural difficulties (d = 0.24). Owing to the large age range in the
current sample, further analyses were done separately in the primary school aged children
(8-11 years) and the secondary school aged adolescents (11-14 years) to assess if age-
specific differences were present. This division by age is also of interest because, as
mentioned in the introduction, most self-report measures of mental health have been
designed and validated for children aged 11 years and above. As can be seen from Table 2,

the format based differences were found in both the younger and older participants.

<insert Table 2 around here>



Confirmatory factor analysis (CFA)

A categorical data CFA was conducted in Mplus 6 (Muthén & Muthén, 2007) to ascertain
whether the known factor structure (Deighton et al 2013) fitted the data from completed
paper surveys (Table 3). The model was specified such that cross-loading between items
and factors did not occur and the two scales were treated as two unidimensional scales. The
fit indices (CFI = 0.96; TLI = 0.95; RMSEA = 0.06) indicated good model fit based on widely
accepted criteria of model fit (Hu & Bentler, 1999). CFA co-efficients for the computer based
survey are also presented in Table 3 to allow for comparisons (CFl = 0.95; TLI = 0.95;
RMSEA = 0.06).

Internal reliability
Cronbach’s alpha in the paper surveys (emotional difficulties, a = 0.78, behavioural
difficulties, a = .81) and the computer surveys (emotional difficulties, a = 0.80, behavioural

difficulties, a = .82) were adequate and similar for corresponding scales in both formats.

DIF

DIF analysis to determine if any of the items operated differently based on survey format can
be done using a variety of approaches including IRT, Mantel- Haenszel, logistic regression
and the Rasch model (Karami, 2012). Two common approaches were used here, 1) Liu—
Agresti common log odds ratio (L-A-LOR; Liu & Agresti, 1996) which is based on the -
Haenszel common-odds ratio generalised to polytomous data and represents the log odds
ratio of one group selecting a response option compared with the other group when the level
of the overall measured construct is the same, and 2) IRT approach with graded response
model (Samejima,1997) was used and the presence of DIF is indicated by the difference in
model fit estimates on the X*2 distribution between the model with both the item difficulty
and discrimination parameters constrained to be equal and the model where they are
allowed to be estimated freely. L-A-LOR was estimated in DIFAS 5.0 (Penfield, 2005) and
IRT based DIF model was estimated in IRTPRO (Paek & Han, 2012). The size of the DIF
was interpreted using a widely accepted classifying system whereby DIF in polytomous
items is considered negligible if L-A-LOR < 0.43, moderate if between 0.43 and 0.64, and
large if >0.64 (Penfield, 2007).

< insert Table 3 around here>



Table 3 presents the L-A-LOR and X*2difference values for all the items in the two scales.
One item in the emotional difficulties scale, ‘Nobody likes me’, exhibited a statistically
significant but negligible DIF based on the criteria outlined above (Penfield, 2007). Two
items in the behavioural difficulties scale, ‘| am calm’ and ‘I break things on purpose’, also
exhibited statistically significant yet negligible amounts of DIF. The negative L-A-LOR of ‘|
am calm’ indicates that it was easier to endorse in the paper format, whereas the positive L-
A-LOR value for ‘I break things on purpose’ indicates that it was easier to endorse in the
computer based format of the measure. The results obtained via the IRT approach largely
cross-validated the results found based on the L-A-LOR approach. The only discrepancy
was that the IRT approach did not find significant DIF for ‘Il am calm’ in the behavioural

scale.

Additionally, DIF analysis by age-group (primary and secondary school aged participants),
indicated similar patterns in items that exhibited DIF in the two age-groups on the
behavioural difficulties scale. However, for the items in the emotional difficulties scale only
younger participants exhibited significant and moderate DIF on the item ‘Nobody likes me’
(L-A-LOR= -.56), whereas older participants did not exhibit significant DIF on any of the

items.

DTF

DTF assesses the aggregate effect of DIF across all the items in a scale (Penfiled & Algina,
2006) and was analysed using the v2 statistic in DIFAS 5.0 (Penfield, 2005). Co-efficients
are presented in Table 2. Based on criteria for assessing the size of DTF (Penfield & Algina,
2006) a v2 <.07 is considered negligible and hence the DTFs were deemed not to warrant

concern.

Discussion

Formal equivalence testing of different formats of measures used to assess child and
adolescent mental health is not yet a widely adopted practice, and even though many of the
most widely used measures are available in both paper and computer-based formats, not
much is known about their equivalence across formats. The current paper aimed to, first, test
the psychometric equivalence of a child self-report mental health measure, ‘Me and My
School’ and, secondly, demonstrate how DIF analysis can be used to assess item-level

differences alongside current methodologies used to assess scale-level differences.



Our results indicate that there are overall differences in mean scores for the paper and
computer-based version of the M&MS questionnaire and the DIF analysis indicates that
format differences at the item-level are almost non-existent, except for one item which
displayed moderate DIF only in younger children. However, the DTF analysis in both the
overall and age-specific samples suggested the effect of DIF across all the items was
negligible. The discrepancy between the scale-level psychometric inequivalences and the
item-level equivalences suggests that the difference in scores between the formats is due to
an overall ‘dampening’ of scores in the paper format. This might be attributed to differences
in the level of disclosure to topics of a sensitive nature, such as mental health, in the
different formats, or to differences in the characteristics of the two methods in terms of
perceived privacy and confidentiality afforded by the survey formats. These points are
related, as they both reflect the level of participants’ comfort with and likelihood to disclose
information based on the survey medium. They indicate that the increase in use of
technology and social networking sites by young people might influence their readiness to
disclose sensitive information via computer and internet-based media (Livingstone, 2008;
Turner et al., 1998). Our results so far indicate that young people might be more
comfortable disclosing information on sensitive issues such as their mental health on
computer-based measures than paper-based ones. This difference should be explored
further in terms of young people’s levels of comfort with the different formats and the effects

of different levels of format familiarity on item response.

The DIF analyses carried out in the current paper illustrate how format-based differences
can be assessed at item-level. The fact that the scale-level analysis and the item-level
analysis lead to different conclusions about the equivalence of the M&MS measures
emphasises the importance of using both methods. We suggest that future studies looking to
establish equivalence between formats should also use this item-level analysis alongside
complete scale or measure-level analyses to gain greater understanding of where there are
psychometric equivalences and inequivalences between different formats of the same
measure. Additional properties of measures, such as sensitivity to change, might also benefit

from similar explorations in future research.



While the current study marks a step forward in methodological approaches to evaluating
equivalence in child mental health measures, the main limitation is that pupils completing the
guestionnaires were not randomly allocated to the paper or computer survey conditions and
the allocation to different formats was at the school level. While this is a consideration, in
England, less than 3% of variation in mental health scores is explainable at school level
(Wolpert et al, 2011), which suggests that the results are not attributable to allocation at the
school level. Although the proportions of pupils missing items in both the paper and the
computer versions were similar, the current study does not explore in-depth the possibility of
differences in missing items and their differential predictors in the two samples.

The results of this study raise the question of how to deal with psychometric inequivalence
across survey formats when it exists. In the case of the M&MS, as differences were mainly
at the scale-level it would be possible to account for format inequivalence in other analysis.
Further research with this measure is required to assess whether these results are replicated
and whether the amount by which the paper-based surveys result in lower scores remains
consistent across different samples and settings. As computer-based survey administration
is likely to become more common, this is an area of study that could benefit from more

research and discussion.

Additionally, this study uses a recently developed and validated measure which has not
been subjected to as much psychometric scrutiny. Although the current study adds to the
psychometric understanding of this measure, the generalisability of the results to other
widely used measures is limited. However the current results indicate that it is necessary to
test equivalence of formats for other measures of mental health before using different
formats widely and interchangeably. The study raises concerns about how measures are
currently used across all settings without having been tested sufficiently for equivalence.
Even though the effect sizes of the difference for the M&MS measure would be considered
small (Cohen, 1988), where non-random allocation of formats occurs this could have a
significant impact on the outcomes of intervention studies. Moreover, when used for
screening the differences in proportions identified as being at-risk is large enough to warrant
concern when used at a population level. Until further research is done to assess the
psychometric equivalence of commonly used child mental health measures across formats,
some degree of caution is warranted when combining or directly comparing data collected

via different formats and in repeated measurement studies.
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Table 1

Item response proportions in the paper and computer survey formats

Item response %

Paper survey Computer survey
em 5 £ 2 o = 2
N N
Emotional difficulties scale
| feel lonely 64.7 33.7 1.5 61.1 34.7 4.1
| cry alot 69.0 29.5 15 65.1 30.6 4.2
| am unhappy 40.9 57.5 15 38.0 58.9 3.1
Nobody likes me 64.1 33.1 2.8 66.7 28.3 5.0
| worry a lot 39.9 53.7 6.4 37.3 52.8 9.9
| have problems sleeping 65.6 28.7 5.7 58.7 31.5 9.8
| wake up in the night 41.6 50.5 8.0 36.9 49.3 13.8
| am shy 41.6 514 7.1 38.6 52.6 8.8
| feel scared 65.4 335 1.2 57.4 39.4 3.2
I worry when | am at school 68.2 28.4 3.3 61.1 33.5 5.4
Behavioural difficulties scale
| get very angry 42.3 50.2 7.5 35.9 51.7 12.4
| lose my temper 46.6 45.8 7.6 40.2 48.2 11.7
| hit out when | am angry 64.7 27.7 7.6 55.1 33.2 11.7
| do things to hurt people 79.2 19.6 1.3 73.0 23.2 3.9
| am calm 54 60.2 34.4 7.3 60.6 32

| break things on purpose 87.9 11.2 0.9 80.7 14.9 4.4




Table 2

Scale-level means and DTF statistics for the overall sample and sub-samples broken down

by age
Overall sample 8-11 years (primary 11-14 years
school sample) (secondary school
sample)
Scale  Statistic  Paper Computer  Paper Computer Paper Computer
survey survey survey survey survey survey
® M (SD) 4.78(3.2 5.4(3.58) 5.21(3.37) 6.17(3.31) 4.60(3.15) 5.16(3.64)
= 3)
3 t-test (df) t(1552) = 3.93*** t(462)=3.08** t(1065.88)=2.74**
% % above 9.3% 13% 12.1% 16.4% 8.1% 11.6%
c threshold
S,
£8 DTF .01(.01) .02(.03) -.003(.01)
wo 2 (SE)
M (SD) 2.75(2.3 3.35(2.65) 2.23(2.25) 3.24(2.44) 2.97(2.36) 3.39(2.73)
5)
% t-test (df)  t(1552) = 4.72*** t(462)=4.64*** t(1064.9)=2.68**
(&)
I % % above 11.7% 19.4% 9.5% 19% 12.7% 19.6%
28 threshold
> 3
T O
o E DTF .03(.03) .01(.05) .03(.03)
m 0 V2 (SE)

k<. 001, *p<.01
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Table 3
CFA standardized loadings and DIF co-efficients
CFA DIF
Paper Computer L-A-LOR (SE)  XZdifference
survey survey (focal (df=2)
group=Paper) (IRT
approach)
Item I Il I Il

Emotional difficulties scale
| feel lonely .67 .63 -.01(.13) 4.9
| cry a lot .69 .68 .01(.13) 4.4
| am unhappy .66 73 -.1(.13) 0.8
Nobody likes me .56 .64 -.37*(.13) 12.9*
| worry a lot 75 .68 -.14(.12) 2.2
| have problems sleeping .58 .62 -17(.12) 3.4
| wake up in the night .50 .59 -.14(.11) 54
| am shy .34 .29 .00(.12) 0.3
| feel scared .83 72 17(.14) 1.8
| worry when | am at .78 .76 .09(.13) 0.3
school
Behavioural difficulties scale
| get very angry .93 .87 -.05(.14) 13
| lose my temper .94 .83 -.07(.15) 0.7
| hit out when | am .81 .85 .23(.15) 0.7
angry
| do things to hurt 71 .79 .07(.26) 2.3
people
| am calm .62 .58 -.37*(.13) 1.9
| break things on .60 .66 .38*(.17) 10.3*
purpose

Note. 1.All loadings in CFA are significant at p < .001. * statistically significant at the 0.05
level. 2. Negative L-A-LOR values indicate DIF favouring the focal group i.e. for the same
level of construct easier to endorse for the focal group. Conversely, positive L-A-LOR values
indicate the item is more difficult to endorse for the focal group.
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