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Abstract

The purpose of this study was to assess the measurement invariance of the employee engagement instrument
(EEI), as a factor of race and gender. Previous research has advised that existing engagement instruments
cannot be used with confidence to make comparisons between different demographic groups in South Africa.
Given the demographic differences between individuals, the focus of this study was to determine whether the
instrument could be used with confidence among the mentioned demographic groups.

A quantitative research approach was followed in this study. The EEI was administered electronically to a sample
of business people, who were representative of the South African working population. 4 099 completed
questionnaires were received. Differential item functioning (DIF) was used to test for measurement invariance
within an item response theory (IRT) framework.

The results revealed that the assumption for metric invariance does not hold across all six sub-scales. It was
further found that the DIF for race is less problematic than for gender. Eight items demonstrated DIF across
gender. The Organisational Commitment, Immediate Manager and Strategy and Implementation sub-scales
demonstrated the highest degree of invariance for race.
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1. INTRODUCTION

Employee engagement is a popular topic that continues to attract attention in modern
management practices. Despite its popularity in the workplace, the concept is still highly
fragmented and has little academic underpinning (Christian, Garza & Slaughter 2011:90;
Macey & Schneider 2008:3-4; Nienaber & Martins 2014:485). Researchers (Goliath-Yarde &
Roodt 2011:2; Van Rooy, Whitman, Hart and Caleo 2011:147; Viljevac, Cooper-Thomas &
Saks 2012:3692) are further of the opinion that existing engagement instruments are poorly
understood and fall short of identifying actionable insights and solutions.

Consequently, Nienaber and Martins (2014:404) identified the need to further clarify existing
employee engagement theories and to develop and refine an instrument that measures
employee engagement at both the individual and organisational level within a multicultural
context. The results of their research accumulated in a validated and reliable instrument
(Nienaber & Martins 2015b:418) that demonstrates measurement invariance across various
sectors (Martins 2015:771) within the South African context.

Testing for measurement invariance is an important prerequisite for making meaningful
comparisons between groups, especially within the South African context (Meiring, Van de
Vijver, Rothmann & Barrick 2015:1; Moerdyk 2009:75). Researchers (Heyns & Rothmann
2016:84; Marais, Mostert & Rothmann 2009:7; Meiring, Van de Vijver, Rothmann & Barrick
2005:3) have reported that demographic differences, such as race and gender, affect the
psychometric properties of instruments and should thus, be considered when standardising
an instrument (Visser & Viviers 2010:7). Consequently, the purpose of this study was to
assess the measurement invariance of the EEI as a factor of gender and race.

2. CURRENT THEORETICAL PERSPECTIVES

2.1 Employee engagement and measurement

Employee engagement has become a popular topic in recent years and continues to attract
attention in modern management practices (Albrecht, Bakker, Gruman, Macey & Saks
2015:7; Griffith 2009:7; Imandin 2015:23). Employee engagement is a critical driver of
organisations’ success (Macey & Scheider 2008:3; Markos & Sridevi 2010:90) because of
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the role it plays in sustaining a competitive advantage, which could lead to improved
business results and successful organisational performance (Nienaber & Martins 2014:485).

Studies have further linked employee engagement with a number of favourable
organisational outcomes such as increased productivity, organisational commitment and
loyalty, organisational citizenship behaviour, job satisfaction, customer satisfaction, reduced
employee turnover and occupational accidents and improved health and wellness outcomes
(Nienaber & Martins 2015a:18-19; Viljevac et al. 2012:3692).

Griffith (2009:7) consequently labels employee engagement as the “human resource craze”,
“the silver bullet” and a “magical formula” to enhance employee performance. As a result,
employers want engaged, happier, healthier and more fulfiled employees who deliver
improved business results and are associated with successful, high performing

organisations.

Despite its popularity in the workplace, a precise definition of employee engagement
remains elusive because of continued research and redefinition surrounding the topic
(Albrecht et al. 2015:8; Imandin 2015:23). This confusion is further complicated by the
misuse of the terms “work engagement” and “employee engagement” (Nienaber & Martins
2016:3). According to Schaufeli and Salanova (2011:42) employee engagement is a broader
concept than work engagement.

Employee engagement is conceptualised by Kahn (1990:694) as a positive psychological
state that consists of cognitive, emotional and behavioural dimensions; and consists of two
district, yet related types, namely, job engagement and organisational engagement. Job
engagement is conceptualised as the extent to which an employee is psychologically
present in the performance of his/her work roles; whilst organisational engagement, on the
contrary, is defined as the extent to which the employee is psychologically present in their
role as an active member of the organisation (Saks 2008:41).

In contrast, work engagement is the preferred concept used by academics because of its
focus on the relationships employees have with their work activities. It is defined as a
positive, fulfilling, work-related state of mind that is characterised by vigour, dedication and
absorption (Bakker & Demerouti 2008:209; Saks 2008:42). It captures how employees
experience their work as stimulating and energetic and something to which they really want
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to devote time and effort; as a significant and meaningful pursuit and as engrossing and
something on which they are fully concentrated (Nienaber & Martins 2015a:4). Engaged
employees have high levels of energy and are enthusiastic and often fully immersed in their

work.

Regarding the measurement of work engagement, Schaufeli, Salanova, Gonzélez Roma
and Bakker (2002) developed the self-report Utrecht Work Engagement Scale (UWES).
Vigour, dedication and absorption are assessed by six, five and six items respectively. This
17-item scale, also known as the UWES-17, has been validated and utilised in a number of
countries, including South Africa. Findings have shown that the UWES and more specifically,
the three engagement scales, have sufficient internal consistencies, ranging between 0.80
and 0.90 (Schaufeli et al. 2002). However, when work engagement measures are applied to
different cultural groups, issues of measurement bias and equivalence become important
(Storm & Rothmann 2003:64).

2.2 Measurement invariance

Measurement invariance is a psychometric method that tests whether the properties of an
instrument varies across groups (Moore, Neale, Silberg & Verhulst 2016:2). Kimber, Rehm
and Ferro (2015:3) further explain that measurement invariance is a prerequisite for making
meaningful comparisons between groups, because according to Milfont and Fischer
(2010:12), researchers often assume that an instrument measures the construct in all groups
and this assumption cannot be justified without invariance testing.

Testing for measurement invariance is a particularly important prerequisite within the South
African context because of its diverse composition (Meiring et al. 2015:1; Moerdyk 2009).
Studies conducted within a South African context have reported that issues of race,
education and language are the main factors that impact on the construct and item
comparability of psychometric tests (Meiring et al. 2005:3).

Marais et al. (2009:7), and Heyns and Rothmann (2016:84) further explain that the lack of
measurement invariance within a South African context can be attributed to (1) semantic
differences, (2) cultural differences, (3) personality differences, (4) socio-economic
differences and (5) stereotyping. Consequently, Moerdyk (2009:11) and Visser and Viviers
(2010:7) stress the importance of considering individual differences in psychological
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assessment. This statement is confirmed in South African validation studies that have
determined measurement invariance of the UWES.

Although the three-factor structure of the UWES was confirmed, with suitable internal
consistency (Coetzee & Rothmann 2005:30; Storm & Rothmann 2003:67-68), significant
differences were found in the engagement levels of employees in different demographic
groups (e.g. language, culture and education) (Barkhuizen & Rothmann 2006:44; Coetzee &
Rothmann 2005:30; Goliath-Yarde & Roodt 2011:3). Goliath-Yarde and Roodt (2011:10)
further suggests that the UWES-17 should not be used to compare different culture groups
in South Africa, and is of the opinion that the differences relate mostly to language and
education differences.

3. PROBLEM STATEMENT

From the discussion above, it is evident that the concept of employee engagement is still
highly fragmented and has little academic underpinning (Christian et al. 2011:90; Macey &
Schneider 2008:3-4; Nienaber & Martins 2014:485). Consequently, Simpson (2009), Van
Rooy et al. (2011) and Viljevac et al. (2012:3692) found that existing engagement measures
(e.g. UWES) are poorly understood and fall short of identifying actionable insights and
solutions. It was further suggested that the UWES not be administered within a South
African context because of the country’s diverse composition (Goliath-Yarde & Roodt
2011:2).

In their research, Nienaber and Martins (2014:494) moreover found that most engagement
instruments are designed to measure engagement at either the individual or organisational
level, and there is no consensus regarding the dimensions comprising engagement. Based
on these findings, Nienaber and Martins (2014:494) identified the need to further clarify
existing theories and to develop and refine a measurement instrument to measure employee
engagement. The results of their research accumulated in the development of a newly
validated and reliable instrument measuring employee engagement concurrently at both the
individual and organisational level within a diverse, multicultural context (Nienaber & Martins
2015b:419).

Consequently, Martins (2015:759) conceptualised employee engagement as “engaged
employees at both the individual and organisational level, who are fully absorbed by and
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enthusiastic about their work, and so take positive action to further the organisation’s
reputation and interests”. In essence, employee engagement was conceptualised at both the
individual and organisational level, because it reflects the individual’s role in his/her work and

as a member of the organisation.

The instrument consists of two sections, one collecting demographic information (i.e. gender,
qualification, experience and tenure), and one soliciting responses using a five-point Likert
scale, on statements about engagement at the individual, team/departmental and
organisational level. The instrument has been shown to have good psychometric properties
(Nienaber & Martins 2015b:420) but indicated that multi-group invariance could not be
assumed for the different sectors (Martins 2015:772). The next step in the refining of the

instrument is to further test for group invariance.

Consequently, the purpose of this research study is to assess the employee engagement
instrument with specific focus on measurement invariance for gender and race within a

South African context.

4. RESEARCH OBJECTIVE

The objective of this research study was to determine if any measurement invariance
(measurement equivalence) exists between the different races and genders within a South
African context.

5. RESEARCH METHODOLOGY

5.1 Research participants

A research company’s database of 285 000 working individuals, who represent the profile of
the South African working population, was used in this study. Ethical clearance was obtained
to conduct the research study and to administer the questionnaire. An electronic survey,
administered by iFeedback.co.za, an online data collection portal, was used by means of a

mass e-mail invitation over a period of three weeks.

Each potential participant in the database of 285 000 working individuals received an e-mail
stating the purpose of the study, information regarding the completion time and a link to the
electronic survey. The e-mail further explained that participation was voluntary and that
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confidentiality and anonymity would be ensured. Lastly, the participants were ensured that

the responses would be used for research purposes only. A total of 4 099 completed

questionnaires were received in the third national engagement survey conducted. The

researchers aimed to obtain at least 4 000 responses.

The demographic profile of the participants in terms of race and gender is reflected in table

1.

TABLE 1: Demographic profile of the respondents

Item Category Frequency Percentage
African 778 19.0%
Coloured 329 8.0%
Indian 338 8.3%
Race
White 2,543 62.0%
Other 29 0.7%
Prefer not to say 82 2.0%
Male 2,387 58.2%
Gender
Female 1,712 41.8%

Source: Calculated from survey results

The sample was comprised of 58.2% male and 41.8% female participants, and 62.0% of the

sample was white participants.

Demographic items received had very few missing responses and therefore, these were

treated as system-missing.
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5.2 The measuring instrument

The employee engagement instrument (EEI), was administered to the population described
above (section 3). The validity and reliability of the instrument was reported in the second
phase of the scale development process (Nienaber & Martins 2015b:420).

The instrument consists of two sections, namely, one collecting biographical/demographic
information and one soliciting responses using a five-point Likert scale (1 = strongly
disagree; 5 = strongly agree), on statements about engagement at the individual (50 items),
team (12 items) and organisational (10 items) level.

5.3 Research approach and procedure

A quantitative research approach was followed in this study. This approach to research
involves collecting data in numerical form for quantitative analysis (Garwood 2006; Lyons &
Doueck 2009). Recent published analyses aimed to demonstrate the instrument’s degree of
factorial invariance across South African business sectors, with results indicating that
invariance can be assumed for all sectors except community and manufacturing sectors
(Martins 2015:772).

Thus far, the development and validation of the EEI has adopted a classical test theory
(CTT) or confirmatory factor analysis (CFA) approach (Martins 2016:185).

In order to further unpack the instrument’s factorial invariance, the researchers decided to
assess the EEI from an item response theory (IRT) perceptive, with a specific focus on
measurement invariance focusing on gender and race. By using IRT, the difficulty level and
discriminatory power of an item can be accurately determined (Foxcroft & Roodt 2009:73).
Thus, the item parameters are independent of the test taker’s ability level and are therefore,
a useful method for determining item bias (De Beer 2005:723). The principle of invariance is
thus a major advantage of IRT, because it allows researchers to compare traits of individuals
from different populations (Bortolotti, Tezza, De Andrade, Bornia & De Sousa Junior
2013:2344-2345).

The method that was used to establish measurement invariance within the IRT framework is
known as differential item functioning (DIF) (Foxcroft & Roodt 2009:73). DIF is
conceptualised as the difference in item scores between two or more groups that match the

Journal of Contemporary Management Volume 14 Page 31
DHET accredited 2017
ISSN 1815-7440 Pages 24-59



M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa

concept of interest (Zumbo 1999:12). DIF is thus used to identify items that may be biased or
unfair to test-takers from certain groups. DIF is focused on the functioning of items across
groups. This is not to suggest that test/scale score equivalence is unimportant, as one can
determine the extent to which DIF items cumulatively impact observed mean differences

across groups.

A bottom-up and progressively restricted approach was thus followed in this research to test
for measurement invariance (refer to figure 1). That is, the invariance requirements at each
step had to be met before moving on to the higher-order form of equivalence (Dimitrov
2010:124). The steps that were followed to determine measurement invariance in this study
are graphically represented in figure 2 and explained in the remainder of this section.

Undimensional IRT analysis

Analysing items per scale according to IRT model to determine
factor loadings and goodness-of-fit. This can be considered the IRT
equivalent of a restricted IRT.

l

Unrestricted MIRT
Analysing all items together to determine factor loadings and

goodness-of-fit. This can be considered the IRT equivalent of an
unrestricted EFA.

l

Restricted MIRT

* MIRT - Multidimensional IRT

Analysing all items together, but pre-specifying the factor structure
by constraining the parameters of certain items on certain factors.
This can be considered the IRT equivalent of CFA.

FIGURE 1: Research process: introductory analysis

Source:; Martins 2016:186

Journal of Contemporary Management Volume 14 Page 32
DHET accredited 2017
ISSN 1815-7440 Pages 24-59



M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa

Configural invariance

Restricted MIRT
Undimensional IRT

Restricted multi-group MIRT
Multi-group undimensional IRT

l

Metric invariance

DIF undimensional IRT

l

Scalar invariance

Not tested as requirements for metric
invariance are not met

FIGURE 2: Measurement invariance: an IRT approach

Source: Authors’ compilation

5.3.1 Configural invariance

The first test of measurement invariance tests is to determine whether configuration holds
across groups (Hortensius 2012:8). If a model exhibits configural non-invariance, it is not
possible to compare across groups. To demonstrate configural invariance, the researcher
has to show that a factor is unidimensional across groups. Finding unidimensionality across
groups implies that there is configural measurement invariance (Tay, Meade & Cao 2015:8).
Fundamentally, one would have to prove local independence by establishing that observed
item responses are uncorrelated after controlling for the underlying construct/trait.

Configural invariance was established by conducting the following analysis (Martins
2016:186):
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= A restricted multidimensional item response theory (MIRT) and/or unidimensional model
(CFA equivalent) was conducted on each group within each DIF variable (e.g. race and
gender). In other words, the overall sample was divided into two, three or four
depending on the number of groups. In the case of gender, separate models were
conducted for males and females, and factor loadings were examined to assess if there
were any significant differences.

» Thereafter, a restricted multi-group MIRT model was conducted. All groups within the
same model were analysed to determine if differences in terms of factor loadings and
means existed. It is important to note that only item loadings on designated factors were
freely estimated similar to multi-factor CFA analysis. This output assists in determining
whether form equivalence exists for the total model of engagement.

= In order to identify specific areas of non-invariance, each sub-scale was analysed
separately to examine differences that were flagged in the previous step.
Unidimensional multi-group analysis also provided item-level statistics to assess the

requirement of local independence.

The results of the above analysis were collated to assess whether the data met the
requirements of configural invariance. Thereafter, metric invariance was assessed via a DIF

analysis.

5.3.2 Metric invariance

Metric invariance is the next step of equivalence and requires that the size of the factor
loadings be equivalent across groups under consideration. This model therefore tests if
different groups respond to items in the same way (Milfont & Fischer 2010:115). If metric
invariance is satisfied, obtained ratings can be compared across groups and observed item
differences will indicate group differences in the underlying construct (Milfont & Fischer
2010:115).

Within IRT, this is assessed via DIF in order to determine whether items function differently
across groups. To assess this requirement, DIF analyses were conducted at a
unidimensional level to determine goodness-of-fit and item functioning. The item slopes for
each sub-scale/model were set equal to the assumption of equivalent loadings/slopes.
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5.3.3 Scalar invariance

Scalar invariance is required to compare means. Scalar invariance indicates that observed
scores are related to the latent scores. That is, individuals who have the same score on the
latent construct would obtain the same score on the observed variable regardless of their
group membership (Milfont & Fischer 2010:115). Scalar invariance assumes that the size of
intercepts is equivalent across groups under consideration. This is assessed by conducting a
DIF analysis and constraining both the slopes and item intercepts in order to test the

assumption(s).

6. RESULTS

The previous analysis of the data provided strong evidence of the factor analytical structure
of the measure (Martins 2015b:763). In order to address the objective of this study, the
results of the measurement invariance testing of the EEI in relation to gender and race is
reported in this article.

6.1 Gender

6.1.1 Unidimensional analyses

Males and females were analysed in separate models on a unidimensional level. This was
done in order to obtain a more detailed picture of the item functioning within each sub-scale.
Table 2 provides a summary of the goodness-of-fit indices for each model. Two analysis

were conducted per sub-scale — one for males and one for females.

Results of the unidimensional analysis show a difference in male and female models in
terms of -2loglikelihood, AIC and BIC. Overall, Customer Service, Immediate Manager and
Organisational Commitment show better model fit in terms of the aforementioned indices.
However, these may be affected by the difference in sample size, and therefore, M, and
RMSEA should be used to provide a better indication of model fit.

As mentioned, a significant M, value (as seen in table 2) demonstrates poor model fit.
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TABLE 2: Comparing unidimensional models: male and female

Analysis Sample | oo glikeli | AIC BIC M2 df. | RMSEA
size
hood
Customer service —
" 2387 | 33346.85 | 33406.85 | 33580.19 | 1315.82* | 234 0.04
ale
ggﬂgge“e”’ice‘ 1712 | 2397178 | 24031.78 | 2419515 | 101561 | 234 0.04

Immediate manager —

Male 2387 | 34939.75 | 35009.75 | 35211.97 | 4334.33"** 329 0.07

Immediate manager —

1712 25456.89 | 25526.89 | 25717.48 | 3361.32*** 329 0.07
Female

Organisational

X 2 387 30888.29 | 30948.29 | 31121.62 | 2084.16*** 234 0.06
commitment — Male

Organisational
commitment — 1712 | 22407.47 | 22467.47 | 22630.83 | 2811.18*** 234 0.08
Female

Organisational

: - 2387 38399.28 | 38489.28 | 38749.28 | 5989.46*** 567 0.06
satisfaction — Male

Organisational

: ; 1712 28110.09 | 28200.09 | 28445.13 | 6441.55*** 567 0.08
satisfaction — Female

Strategy &

implementation — 2387 | 54204.48 | 54304.48 | 54593.37 | 5253.58*** 710 0.05
Male

Strategy &

implementation — 1712 | 38921.36 | 39021.36 | 39293.63 | 4897.48*** 710 0.06
Female

Team — Male 2387 | 478541 | 47974.10 | 48320.76 | 7063.97*** 1044 0.05
Team - Female 1712 | 33102.02 | 33222.02 | 33548.74 | 5926.86*** 1044 0.05

*** - p<0.001; -2loglikelihood — Proxy for chi-squared; AIC - Akaike Information Criterion; BIC - Bayesian
Information Criterion; M2 — Relative comparison between models to assess fit; d.f. — degrees of freedom;
RMSEA - Root Mean Square Error of Approximation

Source: Calculated from survey results
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6.1.2 Restricted MIRT

A restricted MIRT was analysed for males and females separately, in order to investigate
whether there were any significant differences in the pattern and magnitude of factor

loadings.

In each case, the results were reported both on the original sample and a randomised
sample of equal size. The latter procedure was followed to mitigate any large changes in fit
indices that may be due to unbalanced samples. Since the information indices (AIC and BIC)
are largely used to compare nested model variance, it is not prudent to compare non-nested
models directly. As such, the differences in these indices between the four models in Table
3, may not be very informative. However, the -2loglikelihood can be compared. Although the
original male and female samples differ quite significantly based on the -2loglikelihood index,
the balanced and random samples show small differences in overall model fit.

TABLE 3: Goodness-of-fit comparison: male and female restricted MIRT
Analysis Szri';':'e df. | -2loglikelihood | AIC BIC
Restricted MIRT - 2 387 265 230690.05 + 231220.05 + 23275116 +
AEEE @) 62.39 62.39 62.39
Restricted MIRT - 1000 265 96 311.10 + 96 861.10 + 98 161.65 +
AElBs et 39.94 39.94 39.94
sample
Restricted MIRT - 1712 265 166 551.49 + 167 081.79 + 168 524.82 +
FElEES Ol 57.81 57.81 57.81
Restricted MIRT - 1000 265 97 953.18 + 98 483.18 + 99783.73 +
Females randomised 45.96 4595 4595
sample

Source: Calculated from survey results

The results further demonstrate that factor loadings between males (n = 2 387) and females
(n =1 712) are similar across models, with loading differences not greater than 0.05.
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After analysing male and female models separately, both gender groups were combined into
a multi-group restricted MIRT. A multi-group analyses both groups simultaneously and
provides an indication of their factor loadings relative to one another.

In the multi-group analysis, males were treated as the reference group with the latent mean
and variance constrained to 0 and 1 respectively, for each sub-scale. Females were treated
as the focal group, with latent means and variances freely estimated.

The results of the restricted MIRT between male and female respondents in a multi-group
model indicate factor loading differences between the gender groups. Factor loadings for
females were generally 0.15 lower than those for males.

To better understand the multi-group effects seen in the MIRT model, separate multi-group
analyses were conducted at a unidimensional level, with item parameters again being
estimated via the Bock-Aitkin (BAEM) method (Bock & Aitkin 1981). A visual inspection of
the factor loadings across the unidimensional and multidimensional analyses shows similarly

strong factor loadings and low standard errors (+ 0.02 to + 0.04) between males and females

Table 4 provides a breakdown of S- x? item fit statistics, where highly significant values
(p<0.01) indicate that the expected values of the model deviate from the observed values of
the data. Table 5 provides a breakdown of goodness-of-fit results.

TABLE 4: Item diagnostic tables for multi-group unidimensional analysis
Customer service
Item Male Female
X2 df. X2 df.

Q32 116.77** 64 114.16*** 61

Q33 108.94*** 61 100.45*** 58

Q43 103.36*** 58 96.36*** 55

Q44 78.52** 52 121.49* 47
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Q55 129.03** 66 176.3*** 61

Q36 99.1* 59 141.66** 60

Immediate manager

ltem Male Female

X d.f. X2 d.f.
Q45 199.61* 53 149.9* 49
Q46 230.08 51 159.92*** 54
Q47 177.58™* 57 148.99"** 53
Q48 289.34** 75 279.41™ 68
Q52 218.52** 65 172.4* 60
Q57 183.16** A 149.97** 68
Q58 310.93* 76 247.64** 76

Organisational commitment

Item Male Female
X2 df. X2 df.

Q14 196.59*** 66 192,11 63

Q15 191.51* 55 277.3 51

Q16 285.05*** 46 144 64** 44

Q17 368.01*** 61 317.35* 60

Q18 150.68*** 62 214.24* 59
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Q19 107.79** 62 179.81** 54
Organisational satisfaction

Item Male Female

X2 df. X2 df.
Q9 218.36** 74 142.8** 73
Q10 161.94** 71 147.55*** 69
Q11 89.08* 63 100.68*** 53
Q12 107.24*** 62 82.88* 57
Q13 80.37 67 82.33* 59
Q20 130.01*** 68 127.29** 66
Q23 26417 81 187.82** 77
Q30 156.95*** 72 129.68*** 70
Q34 252.46** 105 166.59*** 99

*= p<0.05; **= p<0.01; ***= p<0.001
Source: Calculated from survey results

TABLE 5: Goodness-of-fit indices from multi-group unidimensional

analyses
. -2loglike-
Analysis . AIC BIC M2 d.f. RMSEA
lihood
Customer Service -
_ 57318.64 | 57442.64 57834.39 2305.16™* 466 0.03

Multi-group
Journal of Contemporary Management Volume 14 Page 40
DHET accredited 2017

ISSN 1815-7440 Pages 24-59



M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa

Immediate Manager —
60396.64 | 60540.64 60995.57 777947 656 0.05
Multi-group

Organisational
Commitment — Multi- 53295.76 | 53419.76 53811.5 4292.66*** 466 0.04

group

Organisational
Satisfaction — Multi- 66509.37 | 66693.37 67274.68 12264.52*** 1132 0.05

group

Strategy &
Implementation — Multi- | 93125.84 | 93329.84 93974.33 9893.55*** 1418 0.04

group

Team — Multi-group 80956.11 | 81200.11 81970.96 12933.98™* 2086 0.04

***= p<0.001;
Source: Calculated from survey results

Based on the foregoing tables, it is clear that some of the individual items do not fit the data
very well. That is, they are not very good items. What is pleasing to see though, is that the
items that appear to be problematic are consistent across males and females. Nonetheless,
these items should be considered for adaptation or deletion to improve the overall
discrimination of the individual sub-scale and the overall assessment.

6.1.3 Configural invariance

A visual inspection of the factor loadings across the unidimensional and multidimensional
analyses shows similarly strong factor loadings and low standard errors (£ 0.02 to + 0.04)
between males and females. At a surface level, the questionnaire demonstrates configural

invariance.
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However, detailed analysis of the goodness-of-fit indices (table 5) from the multi-group
unidimensional models show adequate RMSEA values (close to 0), but highly significant M,
metrics. This indicates a significant source of error in the model that has not been
addressed.

Examining other relevant metrics from the output show significant deviation between
expected and observed frequencies across both males and females (table 4). An
examination of the underlying frequency table is necessary to determine the reason for this
difference. An analysis of the local independence statistic (not represented here) also shows
evidence of local dependence, indicating likely multidimensionality, and the presence of one
or more additional latent variables that have not been modelled.

These issues need to be addressed before configural invariance can be proven. However,
given that the factor loadings are similar across groups, it was decided to proceed to the
next stage of invariance testing by running a unidimensional DIF analysis on each sub-scale.

6.1.4 Metric invariance

A differential item functioning (DIF) analysis is similar to a multi-group model, but specifically
measures whether the expected item responses (in terms of scope and intercept) differ
between the groups under consideration.

DIF analyses were conducted at a unidimensional level on each sub-scale. The item slopes
were set to equal in order to test whether goodness-of-fit remained similar to the baseline
model (freely estimated multi-group analysis). Table 6 provides a goodness-of-fit comparison
between the multi-group and DIF unidimensional models. The relative measures (-
2loglikelihood, AIC and BIC) show slight increases between the baseline and DIF models.
Similarly, there were larger M, values for the more constrained models, with Immediate
Manager, Organisational Satisfaction, and Strategy and Implementation showing a M,

increase of more than 10.

The chi-squared difference test is also reported in table 6. This measure, annotated as x°
Diff, assesses the statistical significance of the difference between the DIF and baseline
models for each sub-scale. It is calculated by obtaining the difference between the -
2loglikelihood for the DIF model and the -2loglikelihood for the baseline model. This value is
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then referenced to the chi-squared table, along with the associated degrees of freedom, to
determine statistical significance. If a significant difference is found based on the -
2loglikelihood, one can assume that assumption of metric invariance does not hold for the
more constrained model. Since the -2loglikelihood metric can be interpreted as a chi-square
distribution, the same problems associated with using chi-square for significance testing will
plague the -2loglikelihood. For this reason, it is important to also consider the information
indices like the AIC and BIC to detect differences between the two nested models.

TABLE 6: Overall model fit comparing multi-group and DIF analyses
(unidimensional)

-2loglikeli- RMSE
Analysis AT BIC M2 d.f. 2 diff.
hood A
Customer
Service 57318.64 | 57442.64 57834.39 2305.16*** 466 0.03
Baseline 204.7
Customer *kk
Service 57523.34 | 57623.34 57939.27 2577 .43*** 478 0.03
DIF
Immediate
Manager 60396.64 | 60540.64 60995.57 7779.47*** 656 0.05
Baseline 1004.2*
Immediate "
Manager 61400.88 | 61516.88 61883.36 8961.48*** 670 0.05
DIF
Organisational
Commitment | 5320576 | 53419.76 | 53811.5 4202667 1466|004 |
Baseline . '
Organisational | g6 4> | 5agas42 | 5416234 | 474657 | 478 | 0.05
Commitment
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2loglikeli-
Analysis o9 1 Alc BIC M2 af. | TVSE | e
hood A

DIF

Organisational
Satisfaction 66509.37 66693.37 67274.68 12264.52*** 1132 | 0.05
Baseline 1207.

1 *k*k

Organisational
Satisfaction 67716.54 | 67864.54 | 68332.11 13366.82** | 1150 | 0.05
DIF

Strategy &
Implementation | 93125.84 93329.84 93974.33 9893.55"** 1418 | 0.04
Baseline 1083.

Strategy & 3

Implementation | 94209.2 94373.2 94891.32 12298.85*** 1438 | 0.04
DIF

Team
80956.11 81200.11 81970.96 12933.98*** 2086 0.04
Baseline 421.6

2***

Team
DIF

81377.73 | 81573.73 | 82192.95 12799.21*** 2110 | 0.04

***=p<0.001; x2 Diff. = Chi-squared difference test

Source: Calculated from survey results

In the case of gender, all six DIF models are shown to be significantly different to the
baseline models, therefore rendering metric invariance untenable (weak).

Table 7 presents the DIF statistics for each sub-scale under consideration. Significant values
of x? indicate the presence of differential functioning across groups, only the problematic
items are highlighted.
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TABLE 7: DIF statistics

Male | Female | Total x? | d.f. p X4 d.f. p Xxcla | d.f. p

Customer Service

Q32 | Q32 15.8 5 0.0075 |0 1 09884 | 158 |4 0.0033

Immediate Manager

Q46 | Q46 12.6 5 0.0278 | 0.1 1 0.7973 | 12.5 4 0.0140

Q47 | Q47 10 5 0.0737 | 0.1 1 0.7973 | 10 4 0.0407

Organisational Commitment

Q15 | Q15 10.5 5 0.0622 | 0.3 1 0.5666 | 102 |4 0.0376

Organisational Satisfaction

Q30 | Q30 12.9 5 0.0241 | 0.1 1 0.7039 [ 128 |4 0.0124

Strategy and Implementation

Q29 | Q29 13.2 5 0.0218 | 0.2 1 0.6979 | 13 4 0.0112
Team

Q51 | Q51 1.3 5 0.0459 | 0.1 1 0.7069 | 11.1 4 0.0249
Q54 | Q54 12.3 5 0.0305 | 0.1 1 0.7069 | 122 |4 0.016

Source: Calculated from survey results

Overall, the DIF analyses echo the findings of the multi-group undimensional analysis with
signs of misfitting models and DIF across all six sub-scales. However, given the large
number of items and the large sample size, only 8 items demonstrated significant DIF across
gender. It thus appears as if these 8 items should either be removed or adapted. The
subsequent section of the report will look at the measurement invariance of race.
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6.2 Race

This section focuses on the examination of group differences based on race. The breakdown
of response frequencies was provided in table 2, with the majority of test-takers being of

Caucasian origin.

For the purpose of IRT analysis “Other (4)” and “Prefer not to say (5)” were excluded due to
their small sample size. Due to the unbalanced size of the “White (4)” sample, a randomised
selection of 500 cases was instead utilised.

6.2.1 Unidimensional analyses

Unidimensional analyses were conducted on each group within the race variable to assess
factor loadings and goodness-of-fit between said groups.

Table 8 provides a breakdown of the goodness-of-fit of the unidimensional models run on
each racial group within each sub-scale. A total of 24 different models were analysed to
account for the four ethnic categories and the six sub-scales.

TABLE 8: Goodness-of-fit comparison: race unidimensional analyses
Customer Service (6 items)
Group Sample | o\ glikelih | AIC BIC M. df. RMSEA
Size
ood
African (1) 778 11103.95 11163.95 11303.65 | 730.57*** 234 0.05
g)"‘)”red 329 460821 | 466821 | 478200 | 50144 | 234 0.06
Indian (3) 338 4417.67 4477.67 4592.36 493.01*** 234 0.06
White (4) 500 6891.61 6951.61 7078.05 355.59*** 234 0.03
Immediate Manager (7 items)
Group ) AlC BIC M d.f. RMSEA
Sample | 5\ oglikelih
Journal of Contemporary Management Volume 14 Page 46
DHET accredited 2017
ISSN 1815-7440 Pages 24-59




M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa
Size ood
African (1) | 778 11665.27 | 11735.27 | 11898.2 2120.6** | 329 0.08
(CZC)""”red 329 4836.82 | 4906.82 | 5039.69 | 1519.2** | 329 0.1
Indian (3) | 338 4915.87 4985.87 5119.67 1984.4** | 329 0.12
White (4) | 500 7237.7 7307.7 7455.21 1035.5"* | 329 0.07
Organisational Commitment (6 items)
Group | S2MPle | oioglikelin | AIC BIC M2 df. RMSEA
Size
ood
African (1) | 778 10103.7 10163.7 10303.41 | 1110.5* | 234 0.07
(CZC)""”red 329 431102 | 4371.02 | 44849 | 65455 | 234 0.07
Indian (3) | 338 4221.17 4281.17 4395.86 M7 | 234 0.11
White (4) | 500 6456.02 6516.02 6642.46 568.93*** | 234 0.05
Organisational Satisfaction (9 items)
Group | S2MPle | oioglikelin | AIC BIC M2 df. RMSEA
Size
ood
African (1) | 778 13436.85 | 13526.85 | 13736.4 3273.68*** | 567 0.08
Coloured .
% 329 5587.78 5677.78 5848.61 2370.7 567 0.1
Indian (3) | 338 5083.57 5173.57 5345.61 2525.9"* | 567 0.1
White (4) | 500 7958.44 8048.44 8238.1 1129.1*** | 567 0.04
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Strategy and Implementation (10 items)

Group | S2MPle | oioglikelin | AIC BIC M2 df. RMSEA
Size
ood
African (1) | 778 1821111 | 1831111 | 18543.94 | 24451 | 710 0.06
g‘)"‘)”red 329 761187 | 7711.87 | 790167 | 23043 | 710 0.08
Indian (3) | 338 742714 | 752714 | 771829 | 16886 | 710 0.06
White (4) | 500 1125203 | 1135203 | 11562.76 | 1846.8** | 710 0.06
Team (12 items)
Group | S2MPle | oioglikelin | AIC BIC M2 df. RMSEA
Size
ood
African (1) | 778 1644615 | 16566.15 | 1684555 | 3656.1%* | 1044 0.06
g‘)"‘)”red 329 652133 | 6641.33 | 6869.09 | 22026 | 1044 0.06
Indian (3) | 338 647250 | 659259 | 6821.98 | 303657 | 1044 0.08
White (4) | 500 942043 | 954043 | 97933 30262 | 1044 0.06
2 5<0.001

Source: Calculated from survey results

Similar to the results seen with gender (table 2), the various models all demonstrate an
acceptable RMSEA model fit indicator. However, the M, statistic demonstrated that the
theoretical configuration of the sub-scale may not replicate the sample data with an
adequate degree of accuracy (p<0.001). As a whole, Team showed the highest degree of
misfit according to the -2loglikelihood metric. In general, the African group demonstrated
higher levels of misfit compared to the other three groups.
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6.2.2 Restricted MIRT

A race multi-group MIRT was conducted according to the same methodology described
above. The African group was treated as the reference group with the latent mean and
variance constrained to 0 and 1, respectively. The other three categories were treated as
focal groups with means and variances freely estimated.

The results of the factor loadings for each group showed that the African group
demonstrates the strongest factor loadings across each sub-scale. As a whole factor,
loadings ranged from 0.54 to 0.95 with no aberrantly low loadings, and standard error
ranged between 0.01 and 0.05. This instils confidence in the cross-cultural robustness of the

measure.

Table 9 demonstrates the latent mean of the reference group (African) was constrained to
zero for comparative purposes. Since all the latent mean values for the Coloured, Indian and
White groups are positive, it would suggest that these groups have higher levels of
endorsement on the six dimensions of engagement. It is important to remember that it is not
prudent at this point to compare the latent mean scores of groups since measurement
invariance has not yet been demonstrated. This will only be possible after the DIF analysis
has been concluded.

TABLE 9: Multi-group restricted MIRT group parameter estimates: race

Label | Group M1 | se. | g2 | se. | U3 | s.e. pd se. | U5 | s.e. | U6 | s.e.

1 African 0 |- 0 |- 0 |- 0o |— 0 |— 0 |-—

2 Coloured | 0.48 | 0.08 | 0.26 | 0.08 | 04 |0.07 | 049 |0.06 | 0.23 | 0.06 | 0.76 | 0.06

3 Indian 054 |1 0.08 | 059 | 0.07 | 0.7 |0.07 | 081 |0.08 029 |006|0.92|0.07

4 White 0.36 | 0.04 | 0.24 | 0.04 | 0.52 | 0.07 | 0.54 | 0.05 | 0.21 | 0.05|0.8 |0.03

H1-6 — Latent mean variance; s.e. — standard error

Source: Calculated from survey results

Journal of Contemporary Management Volume 14 Page 49
DHET accredited 2017
ISSN 1815-7440 Pages 24-59



M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa

Table 10 demonstrates the covariance between latent variables across the four race groups.
As would be expect, most of the latent factors are positively correlated with one another.
Unfortunately, no latent covariance can be examined for the African group since the latent

means are constrained to zero.

TABLE 10: Multi-group restricted MIRT latent variable variance-covariance

matrix: race
Group 1: African
0 s.e. 0, s.e. 0; s.e. 0, s.e. 05 s.e. 06 s.e.
T —
0 | - 1 | -
0 | - 0 | - 1T | -
0 | — 0 | - 0 | - (I
0 | — 0 | -— 0 | - 0 | - (I
0 | - 0 | - 0 | - 0 | - 0 | - 1T | -
Group 2: Coloured

0 s.e. 0, s.e. 0s s.e. 04 s.e. 05 s.e. 06 s.e.

186 | 0.13

141 | 0.15 2.2 0.16

1.35 | 0.13 1.22 0.13 1.67 0.13

118 | 0.11 1.1 0.12 1.27 0.11 132 | 0.11

1.27 | 012 1.2 0.1 1.26 0.11 1.02 | 0.08 1.3 0.1

113 | 0.11 1.03 | 0.1 0.7 0.07 069 | 0.08 | 066 | 0.08 1.2 0.1
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Group 3: Indian

0, s.e. 0 s.e. 0; s.e. 04 s.e. 05 s.e. 06 s.e.

202 | 019

1.38 | 0.15 1.91 0.14

148 | 0.13 1.22 0.12 1.62 0.12

1.55 | 0.13 1.27 0.11 1.47 0.13 191 | -

14 | 012 124 | 0.1 1.29 0.1 115 | 0.09 1.3 0.09

145 | 013 1.02 | 009 | 098 0.11 119 | 008 | 095 | 0.08 1.54 | 0.11

Group 4: White

64 s.e. 6, s.e. 0; s.e. 04 s.e. 05 s.e. 0c s.e.

1.62 | 0.02

09 | 0.03 1.35 | 0.09

1.66 | 0.11 1.29 0.1 246 0.16

1.04 | 007 | 0.87 | 0.08 1.48 0.09 1.3 0.06

126 | 0.08 1.05 | 0.08 1.7 0.11 1.08 | 0.03 1.51 0.09

086 | - 059 | 0.05 0.9 0.07 0.6 005 | 069 | 0.05 | 088 | 0.04

01-6 - Variances variables; s.e. — standard error

Source: Calculated from survey results

As discussed above, multi-group analyses were conducted on each of the six sub-scales to
assess the factor loadings and goodness-of-fit of models that included all race groups. The
results indicate that the factor loadings follow a similar pattern as revealed in the restricted
multi-group MIRT analyses discussed above. However, at times, the loadings were higher
than those seen in the separate group analysis with some differences of up to 0.25. The
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Team sub-scale reported two items (Q39 and Q42), with factor loadings equal to 1. This may
be due to potential Haywood cases or items with very restricted variances. These items were
flagged as potentially problematic in the subsequent analyses.

The group parameter estimates and model fit indices for each of the multi-group analyses,

varied in a narrow range, across the four race groups and the six dimensions.

6.2.3 Configural invariance

The results seen when comparing race groups are similar to those seen in the instance of
gender and are outlined in section 4.1.2. It seems that the issue of local dependence
persists when examining item scores by race. While factor loadings are high across sub-
scales and groups, together with low standard error, goodness-of-fit indices consistently
report some degree of misfit. This may indicate that some items poorly reflect the underlying
construct or violate the assumption of local independence. This may result in the detection of
DIF, which may not be due to real differences across ethnic groups.

The DIF analysis was undertaken to determine whether the EEI items show evidence of
metric invariance. In doing so, the DIF results are compared to the baseline models (multi-
group unidimensional analyses) to determine the overall fit of the more constrained models.
If the overall model fit deteriorates significantly, it is assumed that DIF may be prevalent in
the given sub-scale. DIF statistics are also reported on item level.

6.2.4 Metric invariance

Wald’s ¥ statistic implies significant differences between groups. In the four group analyses,
contrast 1 compares group 1 with 2, 3, and 4 (1 vs. 2, 3, and 4). This can be regarded as an
overall omnibus significant test similar to ANOVA. Contrast 2 compares group 2 to 3 and 4
(2 vs. 3, 4), while contrast 4 compares group 3to 4 (3 vs. 4).

In order to obtain a more detailed picture of the DIF between specific race groups, post-hoc
DIF analyses were performed. These compared the DIF statistic of items between groups 1
and 2, 1 and 3, and 1 and 4, in three separate models per sub-scale, the results of which are
provided below.
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* Five items on the customer service sub-scale demonstrated DIF according to the overall
test (contrast 1).

= Four items on the immediate manager sub-scale demonstrated DIF according to the
overall test (contrast 1). In general, only one item on the Organisational Commitment
scale demonstrates DIF according to the overall test (contrast 1).

= Eight items on the Organisational Satisfaction sub-scale demonstrated DIF according to
the overall test (contrast 1) and two items according to contrast 2. Clearly this sub-scale
is plagued by DIF. Paired DIF post-hoc analyses on the Organisational Satisfaction sub-
scale found

» Post-hoc analyses on the Strategy and Implementation sub-scale found that the items
showed signs of DIF on four items (contrast 1) and one item on contrast 2. Similarly to
Organisational Commitment above, there were no item differences between the African
and Coloured groups.

= Eight items in the Team sub-scale demonstrated DIF according to the overall test
(contrast 1). Unlike previous analyses, a post-hoc analysis of race pairs with Team found
evidence of DIF between the African and Coloured groups, while there were no
significant item differences between the African and Indian groups. The biggest
differences in item functioning were found between the African and White groups.

It is clear from the post-hoc test that the biggest item differences for the Immediate Manager
sub-scale are between the African and White groups. Comparisons between the Indian and
African groups also demonstrated some significant differences. Organisational Commitment
showed relatively little DIF. Clearly the sub-scale is functioning quite well and latent mean
differences between groups can be made due to the strong evidence for metric invariance. A
possible reason for detecting DIF on so many items in the Strategy and Implementation sub-
scale may be due to the local independence function that was violated. In the unidimensional
analyses per group, it was evident that some of the items were highly correlated after the
influence of the latent variable was taken into consideration.

A comparison of the baseline and DIF models is presented in table 11. Goodness-of-fit on
the DIF models is generally poorer, although the difference between these metrics is not

overly large.
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TABLE 11: Comparison between DIF and baseline models: race
Analysis -2loglikeli- |y BIC M2 df. | RMSEA | x2Diff.
hood
Customer
Service 2702144 | 2727344 | 27975.64 2117.53*** 930 0.03
Baseline 90.83***
Customer 2711227 | 2731227 | 2786957 | 222936 | 956 | 0.03
Service DIF
Immediate
Manager 28655.67 | 28947.67 | 29761.33 6535.29*** 1310 0.05
Baseline 497 g+
Immediate 291536 | 203856 | 3003207 | 611543 | 1340 | 0.4
Manager DIF
Organisational
Commitment 25091.9 25343.9 26046.1 3375.03** 930 0.04
Baseline
215.6"*
Organisational
Commitment 25307.49 | 25507.49 | 26064.79 3430.88*** 956 0.04
DIF
Organisational
Satisfaction 32066.62 | 32438.62 33475.2 9294.11*** 2262 0.04
Baseline
592.6***
Organisational
Satisfaction 32659.22 | 3295522 | 33780.03 9714.78*** 2300 0.04
DIF
Strategy &
Implementation | 44502.15 | 4491415 | 46062.19 8105.98"** 2834 0.03
— Baseline
603.7**
Strategy &
Implementation
DIF 45105.8 45433.8 46347.77 10026.76** | 2876 0.04
Journal of Contemporary Management Volume 14 Page 54

DHET accredited

ISSN 1815-7440

2017

Pages 24-59




M DU PLESSIS Testing for measurement invariance for
N MARTINS employee engagement across different
demographic groups in South Africa

-2loglikeli-

Analysis hood

AIC BIC M2 df. | RMSEA | x2Diff.

Team Baseline | 38860.43 | 3935243 | 40723.39 11750.66*** | 4170 0.03

246.2*
Team DIF 39106.61 39498.61 40590.92 11848.47 | 4220 0.03

*** - p<0.001; x2Diff. — Chi-squared difference test

Source: Calculated from survey results

As discussed in section 5.2.4 the -2loglikelihood difference test in table 11 demonstrates
statistically significant differences between the DIF and baseline models at p<0.001. The
differences are greatest for the Strategy and Implementation, Organisational Satisfaction
and Immediate Manager sub-scales. The differences between the baseline and DIF analysis
for Team are not overly large, relative to the other sub-scales, but the high values of the -
2loglikelihood demonstrate the sub-scale is poorly fitting in both analyses. Due to the
significant differences in the -2loglikelihood ratio, one can presume that the strict assumption
of metric invariance does not hold across all six sub-scales. However, the differences in fit
were significantly lower compared to the analysis with ethnicity as the grouping variable.
This may suggest that the DIF is less problematic for race than for gender. Similar to the DIF
analysis using race — the Organisational Commitment and Strategy and Implementation sub-
scales seem to demonstrate the highest degree of invariance.

7. CONCLUSION

The purpose of this study was to assess the measurement invariance of the EEI as a factor
of gender and race. Previous results confirmed the validity and reliability of the instrument
and successfully demonstrated evidence of configural invariance using a CFA (Martins
2015). The data were further used to test for measurement invariance among race and
gender.

The three steps of measurement invariance according to the IRT framework (refer to figure
2) were used to test for measurement invariance among race and gender. The IRT analysis
found support for the assumption of configural invariance for the total measure, as well as for

the sub-scales; however, this was tempered by poor model fit (i.e. some of the individual
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items do not fit the data very well) and violation of the local independence requirement of
IRT. This violation was most pronounced for the Team sub-scale. It is posited that certain
problematic items leading to a source of error in analysis that has not been accounted for,
such as multidimensionality. It was, however, pleasing to see that the items that appear to

be problematic are consistent across males, females, and race.

Unidimensional DIF analysis was undertaken to determine whether the EEI items show

evidence of metric invariance.

The -2loglikelihood difference test displayed in tables 6 and 11 demonstrates a statistically
significant difference in the model fit between the baseline and restricted DIF models. Due to
the significant differences in the -2loglikelihood ratio, it is assumed that the assumption of
metric invariance does not hold across all six sub-scales. However, the difference in fit was
significantly lower compared to the analysis with suggesting that the DIF is less problematic
for race than for gender. Nevertheless, given the large number of items and sample size,
only eight items demonstrated significant DIF across gender (refer to table 7).

The EEI can thus be used with confidence for genders if the eight items are removed or
adapted. The Organisational Commitment, Immediate Manager and Strategy and
Implementation sub-scales demonstrated the highest degree of invariance for race. The
results accordingly demonstrated that for the most part, it is not permissible to compare
latent means directly across race. In order to remedy the problem, items demonstrating DIF
should be removed or adapted and re-tested. These results thus confirm researchers
concern that instruments are used without invariance testing and that testing for
measurement invariance is a particularly important prerequisite within the South African

context.
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