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ABSTRACT

This thesis explores item response theory (IRT) in the Personal Profile Analysis (PPA)
from Thomas International. The study contains two parts (Part 1 and Part Il) for which
two sample groups were collected. For Part | of the research 650 participants were
collected via the old form (CPPA25/C7) in the Beijing office of Thomas International in
China (male=323, Female=267, missing=60). Part |l of the research used the
amended form in the same area and collected a sample of 307 (male=185, female=119,

missing=3).

The study postulates that IRT methods are applicable to forced-choice psychometrics.
The results of Part | showed that the current CPPA form functions, to some extent,
according to PPA’s original constructs. Part | of the research identified 16 items that
need to be amended (called Amend A in this research). The amended form was
returned to China for the collection of samples for Part Il, and the results are deemed

acceptable.

The study concludes with a research protocol for PPA-IRT research generated from the
current research. The research protocol suggests four levels of analysis for forced
choice (FC) psychometrics, namely: 1. Textual analysis, 2. Functional analysis, 3.

Dynamic analysis, and 4. Construct analysis.

Key terms

Iltem Response Theory, Classical Test theory, forced choice, psychometric theory;
General (graded) Response Model, Personal Profile Analysis (PPA), cross-culture

research, Chinese, translation, psychometric adaptation, research protocol.
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CHAPTER 1. INTRODUCTION

1.1. Motivation

1.1.1 Puzzle of response bias in psychometric practice

Research on the use of personality instruments for employee selection has expanded
since the early 1990s when meta-analytic reviews demonstrated their use for predicting
work behaviours (Barrick & Mount, 1991). Industrial psychometric tests are commonly
employed as an aid for decision making in the South African market (Van De Vijver &
Rothmann, 2004; Van der Merwe, 2002). Psychometric testing is used in occupational

decisions, including selection and classification of human resources.

From the blue-collar level, such as assembly line operators and drivers, to white-collar
levels such as sales representatives, administrative personnel, and top management,
there is scarcely a job for which some kind of psychometric test has not proved helpful
in labour related matters. In the South African labour market, psychometrics play an
important role in selection, job assignment, transfer, promotion, and retrenchment
(Foxcroft & Roodt, 2007). Therefore, it is not surprising that respondents are highly
motivated to achieve ‘excellence’ in psychometric performance. Past research
indicated that such eagerness to ‘do well’ in a psychometric test could lead to various
types of response biases (Brown & Harvey, 2003; Crowne, 1960; Dicken, 1963; Griffith,
Chemielowski, & Yoshita, 2007).

Studying response biases is important for the validation and interpretation of
personality and attitude measures by self-report. The most commonly observed
response styles, or response biases, are ‘acquiescence’ and ‘extreme response’ bias
(ERB) (Meisenberg & Williams, 2008). Paulhus (2003) has suggested a
comprehensive model for motivation of response biases, under the umbrella term

‘socially desirable responding’ (SDR).



Researchers have investigated SDR for more than half a century (Bernreuter, 1933;
Paulhus, 1991, 2003; Paulhus, Fridhandler, & Hayes, 1997). More than 50 years ago,
the negative impact of SDR on psychometric validity had already been reported
(Bernreuter, 1933; Vernon, 1934). The SDR effect has been a particular focus in areas
such as personality measurements (Gough, 1947; Loénnqvist, 2008; McKinley,
Hathaway, & Meehl, 1948), industrial research (Levashina & Campion, 2007),
academic performance (Hirsh & Peterson, 2008), social attitudes (Rachlin, 2002), and
sensitive (socially-unacceptable) behaviour measurements (Meisenberg & Williams,
2008; Rouse, Kozel, & Richards, 1985).

1.1.2 The complexity of SDR

It has been established by researchers that respondents of self-report measures tend
to manipulate the results of such instruments by providing what they deem to be
socially acceptable responses (Griffith et al., 2007; Komar, Brown, Komar & Robie,
2008; Morgeson, Campion, Dipboye & Hollenbeck, 2007; Paulhus, 1981; Paulhus et al.,
1997; Rees & Metcalfe, 2003; Vernon, 1934). According to Cheung and Rensvold

(2000), common expressions of such response styles are ‘extreme’ and ‘acquiescence’.

SDR

Egoistic Moralistic|

| | | |
Self-Decptive Agency Self Deceptive|| Communion

Enhancement || Enhancement Denial Management

Unconscious Conscious Unconscious Conscious

Figure 1.1 Socially Desired Response constructs (Paulhus, 2002, 2003)



Extreme response style (ERS) is a preferential selection of the end points of a scale
(Meisenberg & Williams, 2008). Acquiescence response style (ARS) refers to
agreement with a statement (Cheung & Rensvold, 2000). Early theorists used a two-
component model to classify the motivation behind response biases, namely self
deception at an unconscious level, and conscious deception in which a respondent

knowingly tries to deceive others (Sakeim & Cur, 1978).

This model was further developed into a four-factor model by Paulhus (2002). Egoistic
bias is a self-deceptive tendency to exaggerate one’s social and intellectual status.
Moralistic bias is a self-deceptive tendency to deny socially deviant impulses and claim
sanctimonious status (Paulhus, 2002). Egoistic and moralistic bias can be further
subdivided into conscious and unconscious dimensions. Egoistic bias can be
separated into self-deceptive enhancement and agency enhancement. Moralistic bias

can be separated into self-deceptive denial and communal management.

In terms of its theoretical aspect, a valid psychometric instrument should have the
ability to counter, or reduce, all four types of bias. However, in practice, these biases
are still commonly observed in industrial assessment, and are not directly confronted.
It seems that most psychometric instruments, especially the Likert scale, do not fulfil
their validity criterion (Brown & Harvey, 2003; Day & Carroll, 2008; Griffith et al., 2007;
Komar et al., 2008; Morgeson et al.,, 2007; Rees & Metcalfe, 2003). Moreover,
differences in response styles have been documented in cross cultural applications of
assessment instruments (Billiet & Davidov, 2008; Cheung & Rensvold, 2000). This
makes the already difficult measurement issue even more complex when it occurs in a

culturally diverse setting such as in South Africa.

1.1.3 Forced-choice focus of research

Many methods of coping with SDR have been suggested by past researchers
(Nederhof, 1985; Paulhus, 1981). Coping methods include rational techniques, factor
analytic techniques, covariate techniques, and demand reduction techniques (Paulhus,
1981, 2003). In the family of rational techniques, forced choice (FC) is one of the

common methods used.



The FC psychometric method first appeared around the 1930s and the concept was
initially developed by clinical measurement researchers such as the Humm-
Wadesworth (Humm, 1939a) and Horst-Wherry teams (as cited by Travers, 1951;
Zavala, 1965). It received recognition after the 54 APA annual meeting in 1946 (Staff,
1946). FC reached the height of its popularity between 1950 and 1960 with a cooling
off during 1970s (Hicks, 1970). FC items are among the earliest developed methods of
coping with a social desirability bias by providing more than one socially equal
preferable item that prevents candidates from ‘spotting’ the ‘right answer’ among

several ‘right answers’.

Example 1: PPA FC item (English item set 4, Irvine, 2003)

O Open Mind O Obliging O |Will power O Cheerful

Instruction: In each line select the word that most describes you in the work situation
and place an M in the box to the right of that word. Choose a word from each line that
least describes you in the work situation and place an L in the box to the right of that

word.

In example 01 above, the four items can be considered as socially preferable by most
of respondents although the item set does not give any hints of a social situation. It
only indicates that the respondent should answer this question as relating to a work
situation, and as such, all four items could be ‘right answers’. This format would

prevent candidates from answering in accordance with socially preferred patterns.

Example 2: Self-report Likert format. (Trait Emotional Intelligence, Petrides, 2009)

No TEIQue items

2. Generally, | do not take any notice of other people's emotions.
25. | believe | have many personal weaknesses.
36. I normally find it difficult to keep myself motivated.



61. | would describe myself as a calm person.
85. | can handle most difficulties in my life in a cool and composed manner.

88. | believe | have many personal strengths.

Instruction: Please answer each statement by circling the number that best reflects
your degree of agreement or disagreement with that statement. There is no right or
wrong answer. You have seven possible responses, ranging from 1 = Completely

Disagree, to 7 = Completely Agree.

In example 02, it is easy to ‘guess’ what the ‘intended’ responses are from the self-
report Likert scales. It is also easy to observe/guess that items 2, 25, and 36 are
negative items and that they are likely to elicit negative responses. In contrast, 61, 85,
and 88 are positive items likely to elicit positive responses. Furthermore, various
culture groups that tend to give extremes (i.e. select 1 or 7) and acquiesce responses

(i.e. selecting 3~5) could easily select extreme or moderate responses in this format.

In contrast to the FC scale (see example 01), alignment of equally social preferable
options into an item set would make the extreme response, acquiesce, and socially
desirable response impossible because no such options are provided in the format
(see Example 01) (Edwards, 1957, 1970; Ford, 1964; Goldman, 1964; Humm &
Wadsworth, 1939).

It is within the framework of this research that the present study was conducted. Its
main aim was to explore new approaches for FC via contemporary item response
theory algorithms and to establish a system of research protocols that further increase
the practical applicability of FC measurements and indirectly reduce all forms of SDR
(Brown & Harvey, 2003; McCloy, Heggestad & Reeve, 2005).

1.1.4 Using IRT in FC

Although previous theorists have suggested that the forced choice approach has the
ability to decrease SDR (Edwards, 1957, 1970; Ford, 1964; Goldman, 1964; Humm &



Wadsworth, 1939; Nederhof, 1985; Zavala, 1965), FC methods are not applied, due
mostly to the added complexity they cause for test construction, calculation, and
interpretation (Brown & Harvey, 2003; Martinussen, Richardsen & Varum, 2001;
Nederhof, 1985).

Theorists tend to be critical of FC methods because they often preclude the use of
classical statistical methods such as Cronbach’s Alpha for internal consistency and
factor analysis for construct validity (Bartram, 2007; Cornwell & Dunlap, 1994;
Martinussen et al., 2001; Tenopyr, 1988).

Inspired by past research studies, attention has shifted recently towards Item
Response Theory (IRT) (Bartram, 2007; Brown & Harvey, 2003). IRT emerged during
the 1940s, at which time true score Classical Test Theory (CTT) was at its height of
popularity. IRT originated from debates and discussions regarding the various
shortcomings of CTT and from the postulation of a new model that could fix most of the
CTT mistakes. Since the 1940s the IRT model has evolved from dealing with simple
true-false cognitive tests to multiple—choice tests, the Likert scale, and timed tests
(speed and accuracy). It has also been adapted for use in various computerised item-
banks and testing systems. The IRT theory is characterised by the construction of item
characteristic curves (ICC), higher requirements on statistical training, and a large

homogenous sample size (n>250~500) (Jooste, 2003).

It is necessary to understand the fundamental applicability of IRT in FC psychometrics.
Consequently, this study focuses mostly on exploring such a possibility with the

intention of creating a system, or protocol, of research for future researchers.

1.2. Research in Chinese language group in mainland China

The aim of this research is to run IRT with FC. However, the entry requirement for
running IRT (GRM model) would require a large and homogenous sample. According
to past research, such samples (n>500) are necessary to conduct an IRT analysis
(Hambleton & Swaminathan, 1985; Jooste, 2003; McKee, Klein & Teller, 1985).



The homogeneous samples need to be relatively similar in terms of language,

education, culture, literacy level, and ethnicity.

However, it is very difficult to obtain such compositions in the current South African
sampling frame, due to the fact that the South African sample contains too many
different languages (11 languages) and cultures. Furthermore, the literacy/education
level of the majority of the population would not be suitable for conducting
psychometric research. If limited to individuals with a higher education, the sampling
would be heterogeneous, and the South African sample would therefore not be suitable

for conducting this study.

Fortunately Thomas International’s branch in China had approached the researcher for
assistance in evaluation of the Chinese PPA form. This is a large-size sample
comprising one main language group. It appeared suitable for the intended research,

and the main sample of this study is therefore based on a set of Chinese respondents.

1.3. Aim of current study

This research is mainly an explorative study. The research question would be. ‘Can
item response theory (IRT) be used in forced-choice psychometric (FC)
adaptation?’ The final product of this research should be a system of IRT methods or
protocols for FC that can be used in future research. The following section explains

briefly the areas to be explored, and the reasons for exploring them.

For this protocol to be truly applicable, the research should first explore the IRT
parameter estimation methods. The IRT parameters would be the three basic numbers
that would help to define the ICC. This IRT curve would be used to abstract the
probability of an item that had been used against differing levels of ability (from low to
high). In IRT, it is assumed that if an item demonstrates a positive relationship with a
target construct, the item ‘belongs’ to the construct. By creating an adequate
parameter estimation method, one is able to adapt and interpret item constructs via
response patterns. Therefore, one of the major aims of this protocol is to establish the

most applicable IRT parameter estimation method for FC.



The other area of interest is the item construct estimation. The latter would normally be
conducted through correlational analysis in a common Likert scale study. Although,
due to the complexity of FC internal dynamics, Pearson product-movement
correlational statistics would not be suitable. Hence it is important to investigate
alternative methods for replacing Pearson-correlational-base statistics. The item
construct estimation method should be able to indicate the relationship between target
items and construct. This would be beneficial for interpreting an item’s construct nature
from the responses of the participants. This interpretation would improve an item’s
construction and modification through different cultural and time periods. Based on
these considerations, this study explores the possible construct estimation methods

suitable for FC study.

The third area of focus is cross-cultural applicability. The practice of using translational
psychological or educational testing instruments has become common practice in the
contemporary international market (Sireci, Yang, Harter & Ehrlich, 2006; Yu, Lee &
Woo, 2004). This study aims to create a research protocol that embeds this
consideration. This method should help test-creators and researchers to modify their

tools for use in different cultural settings.

This protocol should therefore cover three areas: parameter estimation method, item
construct estimation, and cross-cultural applicability. The protocol would need to cover
these three areas to reach the two levels of equivalence of adaptation; i.e. textual and
constructual. The three areas are explained in more detail in the following sections.
This study aims to contribute to the incremental improvement of psychometric accuracy
and quality in industrial assessment. The areas and reasons for exploring them are
introduced briefly in the following sections. The various strengths of IRT are also
introduced across three areas, these being the main reasons for selecting the IRT

method as the focus method for this research.



1.3.1 Parameter estimation method in forced choice questions

The term ‘parameter’ here is used to describe the IRT parameters. Three parameters
are difficulty parameter (b), discrimination parameter (a), and guessing parameter (c)
(see Figure 1.2).

N
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probability
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0,0\ T T
3 2 1 0 1 2 3
Ability (theta)

Figure 1.2 The illustrations of three parameters of item response theory

Note: a=0.64 represents low discrimination. b=0.00 represents current item difficulty is
relatively neutral; ¢c=0.2 represents at least a 20% of chance of guessing this item
correctly.

The IRT uses these parameters to define the shape of the item characteristic curve
(ICC). An effective psychometric instrument, the ICC is used to summarise the
probability of an item being used across different levels of the target construct (theta).
A successful ICC would look like Figure 1.2, with a higher right side and a lower left

side. This implies that the higher the ability, the more probability an item has of being
marked as correct.

Figure 1.2 illustrates the difficulty (b) of this item as 0.00 (the ability across (C+1.0)/2
probabilities), which means the difficulty of this item is fairly neutral. The discrimination
(a) as 0.64 (slope), this indicates that the item’s discrimination of the candidate is
relatively low.



This implies that one cannot discriminate between different candidates’ ability easily by
using the current item. The guessing probability (c) is 0.2, this indicates the item has a
20% chance of being marked correctly, even with very low ability (Hambleton &
Swaminathan, 1985).

The concepts of three parameters were not developed concurrently. It started from the
one parameter logistic (1PL), two parameter logistic (2PL), to three parameter logistic
(3PL) and further (Hambleton & Swaminathan, 1985). The one-parameter logistic (1PL)

model would use the difficulty parameter (b) only. (see Figure 1.3)

ICC in 1-PL assumption
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Figure 1.3 1PL: One parameter logistic model, b (difficulty parameter)

Note: b (difficulty) parameter is the only parameter that is used in 1PL model. The
above illustration shows items with different difficulty parameters (b). From the left to

right are the easiest to the most difficult items.

The two parameter logistic (2PL) model uses both difficulty (b) and introduces

discrimination parameter (a) (see Figures 1.2 and 1.4).
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ICC in 2-PL assumption
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Figure 1.4 2PL. Two parameter logistic model, b (difficulty parameter) and a

(discrimination parameter)

Note: This figure indicates four (the red, grey, green, and blue) sets of item with same
discrimination parameter (a), but different difficulty parameter (b). Within the red set,
items have the same discrimination parameter (same slope) but a different difficulty

would formulate parallel curves.

The three-parameter logistic (3PL) model uses both difficulty (b) and discrimination (a),

and introduces the new concept (c), the guessing parameter (see Figures 1.2 and 1.5).
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ICC in 3-PL assumption

Probability of marking an item

Theta (ability)

Figure 1.5 2PL: Two parameter logistic model, b (difficulty parameter), a

(discrimination parameter), and ¢ (Quessing parameter)

Note: This figure indicates four (the red, green, grey, and blue) sets of item with the same discrimination
parameter (a), different difficulty parameter (b), and different guessing parameter (c).

The ‘parameter estimation method’ implies methods to calculate three parameters from
raw FC data. This is illustrated by Figure 1.6. The real probability of an item being
marked positive is indicated by the blue dots. The blue dots in Figure 1.6 indicate that
as the construct increases in strength, the probability of the item being marked
positively is increasing. The pink curve indicates a theoretical abstraction of the actual
data. The curve is normally plotted via application of three parameters. The method of

calculating parameters from the raw data is called a ‘parameter estimation method’.
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Strength of construct (theta)

Figure 1.6 Sample of parameter estimation, three-parameter logistic model.

Note: The blue dots represent the actual data, the pink line represents the modelled IRTICC curve. This is
an example of a positive ICC.

This topic is important because studying parameter estimation methods would increase
the application to forced choice (FC), and indirectly benefit the psychometric society.
The current research postulates that the nearest parameter estimation model for PPA
FC system would be Samejima’s (1999) general (grade) response model (GRM) as the
GRM is an IRT model designed for Likert scale-type responses (see Figure 1.7). If a
study treats every single PPA item within an item set as single response, and all sub
categories as ordinal responses, the PPA items can be interpreted as Likert scale

items. This study examines the correctness of this postulate (see Example 3 below).
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Figure 1.7 The General Grade Response model (GRM) illustration

Note: The general/grade response model (GRM) enables the researcher to explore the relationship under
each sub-category of an ordinal item. The above figure indicates the category characteristic curve of the
eight categories (1~8) of a Likert scale. The GRM method would help the researcher to define the true
distance between each sub category of a Likert scale.

Example 3: PPA FC item (English item set 4, Irvine, 2003)

Open Mind D Obliging D Will power |I| Cheerful
]
|7_-| Open Mind |Z| Obliging |Z| Will power E Cheerful

Note: the forced choice item can be converted into four separate Likert scale items.

This study explores and compares various models and their benefits. The parameter
estimation methods, efficiency, and accuracy will be compared. Methods for parameter
estimation will include Correlational parameter estimation method (CPE) and GRM
models. Methods for rechecking CPE and GRM'’s validity are Forced choice to multiple
choice Questions (FCMCQ), Raw Item Characteristic Curve (RICC), and Kendall's
Tau-B (7 ) (KTB). Details of above methods are discussed in the method chapter.

14



1.3.2 Item construct estimation (through response pattern)

The term ‘construct’ can be differentiated from the term ‘trait’, according to Leovinger
(1957/1967). ‘Traits exist in people; Constructs exist in minds and magazines of
psychologists’ (as cited in Braun, Jackson & Wiley, 2002.4). However, at the
application level, psychometric practitioners often forget there is still a fine line between
‘trait’ and ‘construct’. Therefore a method of research needs to be established to
constantly reconfirm and re-examine the relationship between actual traits and

psychometric constructs. This aspect is explored in this study.

In the classical test history, a construct is normally created via Pearson product-
movement correlation statistics, such as factor analysis, correlation coefficient, and
reliability. A good example of this approach is Spearman’s general intelligence ‘g'.
The idea of different types of intelligence is constructed through correlations of different
types of items. Using a data reduction technique such as factor analysis, a construct of

‘general intelligence’ is then inferred.

However, ‘construct’ creation in psychometrics is not limited to the correlation family
only. The latent trait model, which is another name for IRT, proposes an alternative
method for ‘construct’ creation. The latent trait model can also be used to extract the
dominant ‘component’ or ‘factor’ within a group of items (IRT’s ‘uni-dimensionality’
assumption). Furthermore, the latent trait model also has the ability to explore other

multiple constructs, which in IRT’s terms is called ‘multi-dimensionality’ (Lord, 1980a).

In terms of IRT, if an item demonstrates a positive relationship with a target construct
(or ability) it is more likely that this item will belong to this construct (see Figure 1.6 for
an example of a typical positive ICC). By creating an adequate parameter estimation
method, one is able to adapt and interpret item constructs via response patterns.
Therefore, using IRT in item selection and application would be more accurate due to

the fact that the item is generated from the target population’s response pattern.
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Construct interpretation with IRT is a new area to be explored. IRT-construct
interpretation (IRTCI) is similar to the much more popular ranked correlational
technique (Kendall's Tau - B) — and can be used to explore the relationship between a
selected item, and a targeted construct. The item-total correlation coefficient (ITCC)
measures an item’s relation to an assigned construct by analysing the correlation
between a single item (i.e. item A) and an assigned construct (item groups excluding
item A). ITCC generates a correlation coefficient ranging from -1.0 to +1.0. If an item
has a value larger than .3, this would suggest that it has contributed to the assigned

construct group (item group) (Allen & Yen, 1979).

Similar to ITCC, IRTCI also compares an item (X) with an assigned construct (item
group excluding A). However, the difference between ITCC and IRTCI is that the latter
can provide an overview (in probability of positive or successful response across
different ability levels) of item A’s functionality in different levels of ability (i.e. the

assigned construct item group) as shown in Figure 1.8 below.
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Cronbach's
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Figure 1.8 IRTCIl and ITCC comparison

Note: LEFT: IRTCI model, item scoring probability against the target construct. The relationships between
an item using a probability of target result (y-axis) versus different strength of the construct (x-axis) are

clearly illustrated. RIGHT: ITCC model, the relationship between item and construct are only summarised
in terms of correlation strength.

This means, if an item (X) truly functions for this ability/construct/item group, it should

have a low probability of being used (or marked as ‘yes’) when an individual has a low

ability (construct, or mark rate in this item group).

Vice versa, if a group of candidates marked all other items within this construct, it

would be very likely (high probability) that they also marked the item (X) that is

associated with a similar construct (see Figure 1.8 for typical Logistic curve).
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The probability relationship of an item (X) with different levels of an assigned construct
is expressed using a logistic S curve, which indicates the level of agreement between
item X and the assigned construct. If there is no relationship, then a flat line of
probability will be obtained, which means that the likelihood of the item’s utilisation

probability has no relationship with the assigned construct (see Figure 1.8, p. 17).

This method opens new possibilities for interpretation. Psychometric researchers
interpret an item via a population’s response towards that item. In many cases,
psychometric developers assume the construct of certain items form the textual
interpretation. However, the target population might not interpret an item in
accordance with the developer’'s assumption. In such cases, both ITCC and IRTCI can
be applied (see the list of definitions). In ITCC (item-total correlation coefficient), the
results would show only whether it ‘worked’ or ‘did not work’ in relation to the desired
construct. IRTCI (IRT Construct Interpretation) method) would provide more

information.

The IRTCI can generate a visual representation (ICC) that explains the item function in
much more detail. Other than just ‘working’ or ‘not working’, this model explores three
phenomena cohesively. An item’s ‘guessing’ (pseudo right) ability, which is the
probability of candidate selecting an item without actually ‘having’ such a construct
(parameter c); an item’s difficulty (parameter b); and an item’s discriminate-ability
(parameter a). The CTT also provides all these measurements, such as difficulty index
and discrimination index as two unrelated index, not in the cohesive way as does the
IRT model. In the IRT model, all parameters are interacting with on another and can
be illustrated for better understand (see Figure 1.2). These aspects would help a
researcher create a more comprehensive picture of item functioning and could be a
very helpful tool in improving the item quality. Exploring this area would help
researchers to re-visit the construct and improve the item functionality - all of which

contribute to this being a very important area to explore.

18



1.3.3 International applicability

The practice of using translated psychological or educational testing instruments has
become common practice in contemporary international markets. Many psychometrics
are either translated or adapted from the dominant culture, while only a small amount
of psychometrics are produced locally and validated against all the sub-populations. It
is almost guaranteed that in the psychometric practice, practitioners would encounter
individuals who cannot fulfil the description of the original research sample, in terms of
age group, language group, culture group, historical background, educational
background, ethnicity, religion, computer literacy, language literacy, etc. (Sireci et al.,
2006; Yu et al., 2004).

Further, when considering the influence of acculturation, globalisation, the Internet and
international mass media, the issue of ‘culture’ is becoming much more complex than
the assumption made in the classical test approach; namely that there is only one norm
for each language or cultural group. The assumption of external generalisation within
classical test theory cannot yield meaningful results because the original sampling

population can never be equivalent to the current changing target population.

Guidelines to re-validating a test against the local culture have been provided by many
government testing institutions, such as HPCSA, BPS, and APA (HPCSA, 2006a,
2006c¢, 2009). However, guidelines such as HPCSA’s psychometric registration
procedure would mostly be based on the classical model of ‘one norm for each
language/culture/age group’ and the classical test theory (HPCSA, 2008). This study,
therefore, intends to examine the possibility of using IRT theory for validating the

quality of translated and adapted testing instruments.

The IRT assumption of ‘uni-dimensionality’ suggests the possibility of practical
application in the cross-cultural setting. This aspect is especially important for dealing
with individuals that provide different levels of ability due to culture differences. The
‘uni-dimensionality’ assumption suggests that item parameters are not dependent on

the ability level of the respondents (Baker, 2001).
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In other words, parameters retrieved from different ability groups of the same item

would be the same; for example, a large census contains two groups of respondents

(see Figure 1.9).

Probability of Correct Response
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+ Observed p(8))

Computed P(6j)

0

Ability

Figure 1.9 Observed proportion of correct response for mixed groups

If one runs this sample group against the 2PL model, two parameters that one would

receive would be b=-0.2 (neutral to weak item), a=1.45 (good discrimination). When

the two above parameters are plotted into an IRT curve, it would look like Figure 1.14).

If one separates two groups, and runs the same 2PL model, the parameter that one

would get from the group with lower ability would be b=-0.2 (neutral to weak item),

a=1.45 (good discrimination) (see Figures 1.10 and 1.11).
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Figure 1.10 Observed proportion of correct response for lower groups
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Figure 1.11 Iltem characteristic fitted for lower groups (b=-0.2, a=1.45)

If the same analysis is conducted in the higher ability group, the parameters would also
be b=-0.2 (neutral to weak item), a=1.45 (good discrimination) (see Figures 1.12 and
1.13).
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Figure 1.12 Observed proportion of correct response for higher groups
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Figure 1.13 Item characteristic fitted for higher groups (b=-0.2, a=1.45)

The IRT theorists therefore suggest that item parameters (from the same item)
generated from different samples would be invariant (see Figure 1.14). The individual
groups and mixed group would generate the same parameters, b=-0.2 (neutral to weak
item), a=1.45 (good discrimination), despite different ability levels. This is the IRT

assumption of ‘uni-dimensionality’.
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Figure 1.14 Item characteristic fitted for mixing high and low groups (b= -0.2,
a=1.45)

The implication of the uni-dimensionality assumption in international research is: if the
item is measuring one construct only in different groups, the item parameters would be
the same for all sub-groups in a different culture. This would increase the applicability
and external generalisation of tools across different age, culture, gender, and
educational groups. It would also extend the usage of a single item towards different
groups in international research. The IRT theory would have higher capacity to extend
the application towards different groups, making it more suitable for cross-cultural/

international research.

However, in reality, the uni-dimensionality is difficult to achieve. For example, a
psychometric test designed for measuring mathematic ability in group A, could end up
reflecting more on English ability in a non-English speaker in group B. Under such
conditions, the IRT is better than the classical model because of the ability to provide
more detailed analysis for each individual. This includes different standard errors of
measurement (SEM) across different ability levels (see Figure 1.15), instead of the
single SEM per sample group as the classical model would suggest. The IRT theory
would not assume the measuring ability of an item to be the same across all ability

levels.
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Figure 1.15 lllustration of different error estimation across different ability levels

The other aspect that makes the IRT model better than CTT in international research is
the capability of ability estimation. The IRT model is more accurate in ability estimation
than the classical ‘total score’ model. The classical ‘total score’ model often adds up all
responses from one construct as the representation of ability. This model is often
applied in different cognitive and educational testing. However, the IRT model takes a
totally different approach, for example, given five candidates who scored differently

across five items with different item parameters (see Table 1.1 on the following page).

According to the classical model of scoring, candidate 2 and candidate 3 would receive
the same total score of 40% (two correct responses out of five). Under the IRT model,
however, they would score differently due to the variation in item difficulty (see Table

1.1 on the following page).
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Table 1.1 Five candidates’ responses across five items (Yu, 2007)

3PL Item parameters|Actual Response

Item |a b c candidate 1 |candidate 2 |candidate 3 |candidate 4 |candidate 5
1 1.27 (119 |01 Correct Correct FALSE FALSE FALSE

2 1.34 |0.59 |0.15 |Correct FALSE FALSE Correct FALSE

3 1.14 |0.15 |0.15 |Correct Correct FALSE Correct FALSE

4 1 -0.59 |0.2 |FALSE FALSE Correct Correct FALSE

5 0.67 |-2 0.01 |FALSE FALSE Correct Correct Correct
Total score 60% 40% 40% 80% 20%

Individual ability

Likelihood of answer things correctly

FaWa¥d
V.20

Ability

Figure 1.16 lllustration ability estimation

——Can 01
—#—Can 02
2—Can 03
Can 04
—*—Can 05

Although both candidates score two out of five, candidate 3 scores three relatively
difficult items incorrectly (see Table 1.1, item 1. b=1.19, item 2. b=0.59, item 3. b=0.15)

but scores the other simple item correctly (see Table 1.0, item 4. b=-0.56, item 5. b=-2).
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The scoring pattern of candidate 3 is reasonable. Therefore following the IRT ability
estimation method, it is estimated that candidate 3’s ability is between -2 to 0 (see

Figures 1.16 and 1.17), ability estimation is indicated by the peak of the curve).
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Figure 1.17 Illustration of Most Likelihood Estimation (MLE) of ability (Yu, 2007)

Candidate 2, however, also scores two out of five, but scored the difficult items
correctly (item 1. b=1.19, item 3. b=0.15), and the simple items incorrectly (item 4. b=-
0.59, item 5. b=-2). In such a case the results for candidate 2 would not be meaningful.
It is more likely that this candidate would score item 1 and 2 correctly due to response
bias (see Table 1.1, p. 25).

This model is useful in international research in examining the detailed structure of a
construct. For example, candidate 2 could be a ‘high ability’ individual who was simply
unable to read items 2, 4, and 5 correctly. From this result, the researcher can
separate such individuals from the group and run the analysis separately to explore the
possible external variables that influenced the results. This method could give the

international researcher more leverage to investigate items (see Table 1.1, p. 25).
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Overall, the IRT could provide individual ability estimations and general item
information for different ability groups and individuals. It is a good tool for exploring

item functioning in a cross-culture sample and provides a rich source for information.

1.4. Operationalisation

The focus of this research is on FC and the appropriate research methods to use with
this type of instrument. The FC is operationalised as the PPA instrument. The correct
research method has been operationalised as the IRT, CTT and other alternative
statistical methods such as RICC, IRTCI and FCMCQ (see list of definitions). This
research would explore all the above methods in order to reach a conclusion of the

most accurate and efficient protocol that could be used in future FC research.

Due to the fact that this research takes place in an international setting, the cultural
variable unavoidably plays a large part in this study. The typical factorial method
cannot be applied due to the nature of Forced Choice, and this relationship is therefore

explored via IRT methods.

1.5. Outcome summary

This research contains two parts. Part | is aimed at exploring which items should be
amended (named Amend A in this research); and Part |l investigates the ‘quality’ of the
result yielded by this amendment (Amend A). The final output of the two studies is a
protocol for FC-IRT research. Part | of the research suggests 16 items are necessary
for amendment. However, 19 items also need amendments to maintain CPPA’s

construct integrity.

The results from Part Il are successful. The 16 items recommended for amendment
show better results (a better ICC curve), which means that the method has good
practical applications. The results of this study seem to suggest that the combination
of GRM-IRCCC and KTB is an acceptable method for FC psychometrics. However, a

more suitable method still needs to be created for ordinal FC psychometrics.
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The present study provides a research protocol for PPA-IRT research that was
generated from current experience. It is supported by the results suggesting that GRM

is applicable to the PPA. The research protocol for PPA would be:

1. Textual analysis for checking simple terminology error.

2. Functional analysis for checking the item discrimination index. The negative or low
discriminating index would suggest poor item construction. Methods such as GRM-
IRCCC or CPE-IRCCC can be used for this analysis.

3. Dynamical analysis is especially necessary for forced choice scales. Item
contamination would suggest items are poorly aligned within a set. Methods that prove
useful are KTB, RICC, FC-MCQ, and GRM-IRCCC.

1.6. Chapter summary and discussion

Previous research suggested that self-report measures are unavoidably affected by
socially desired responding (SDR) style and bias, the results of which are exacerbated
by culture differentiation. The forced choice (FC) method has been used to decrease
SDR in previous research. However, due to its complexity and difficulty in exploration
by classical test statistics, FC is seldom applied. The new development of item
response theory (IRT) could open a fresh approach to the use and understanding of FC.
It is with this objective in mind that this study investigates the application of item
response theory in a forced choice psychometric instrument such as Thomas
International’s psychometric Personal Profile Analysis (PPA). The final product of this

research is intended as a model for application of IRT in FC.

The three components of this study are (1) the development of a parameter estimation
method, (2) item construct estimation, and (3) cross-cultural applicability. GRM and
CPE would be used for parameter estimation, FCMCQ, RICC, and KTB function as a

supporting method for parameter estimation and construct interpretation (IRTCI).
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Based on analysis of Part | (n=650) of the research, it is suggested that 16 items were
necessary for amendment. However, 19 items might also need to be amended to
maintain CPPA’s construct integrity. It was decided to change only 16 items and return
it for the Part Il research (n=307) to evaluate the effectiveness of the IRT amendment

method.

The results from Part || were successful. The 16 items recommended for amendment
show better results (i.e. a better ICC curve), which means that the method has good

practical applicability.

This study suggests that the combination of GRM-IRCCC and KTB could be a suitable
method for FC psychometrics. However, more research is required to deal with ordinal

FC applications.

The protocol of PPA-IRT research should be carried out in sequence — textual,
functional (GRM-IRCCC/CPE-ICC), dynamical (KTB/ FCMCQ), and constructual
(GRM-IRCCC) — for better efficiency and quality.

To view this research critically, the final result only suggests IRT’s applicability to FC
measurements, and seems not to relate to SDR at all. This research can only provide
an efficient model for FC creation via IRT methods, and could promote the use of FC,
while indirectly reducing SDR. However, such a link is not direct and, as such, is
questionable. Therefore, to ensure the firm link between FC and SDR, it is suggested

direct FC-SDR research be conducted for future study.
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CHAPTER 2. LITERATURE REVIEW

2.1. Introduction

The literature review covers the background of four areas. Thomas Personal profile
analysis (PPA), forced choice method (FC), Classical test theory (CTT), and ltem
response theory (IRT).

2.2. Personal Profile Analysis (PPA)

This research used Thomas Personal Profile Analysis (PPA) as the main psychometric
instrument for exploring various IRT methods. The PPA is a personality forced choice
psychometric instrument that contains 96 items, or 24 item groups. It normally takes
15 - 30 minutes to complete. The PPA was developed from Marston’s DISC model (by
Hendrickson, 1996) and involves the four constructs; namely Dominance, Compliance,
Influence, and Steadiness (DISC). The PPA explores an individual’'s behavioural
potential in working environments (socially preferable expressions of self), under
pressure (self image that can be maintained under stressful conditions), and real self

image (theoretical ‘true self’) (Irvine, 2003).

2.2.1 Historical background

The early 1900s to 2000s could be named as the time of rising reductionism (Harth,
2004; Hooft, 2001; Peele, 1981) that gave birth to Marston's DISC theory. The
academic world was amazed by the possibility of finding the basic, universal elements
of various phenomena (Harth, 2004). Thus, it was proposed that entities, laws, or
elements, such as electrons, protons, or neutrons, could function as the building

blocks of the complex physical world, and serve to explain reality (Irvine, 2003).

In 1921, Albert Einstein was awarded the Nobel Prize in Physics for his discovery of

the ‘law of the photoelectric effect’ (as cited in Széllosi-Janze, 2009).
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Seven years later, Frederick Griffith discovered the existence of DNA (as cited in
Lorenz & Wackernagel, 1994). These developments in philosophy and physics also
impacted on the psychological world. Spearman proposed the popular concept of ‘g’
as the fundamental factor for cognitive ability (Williams, Zimmerman, Zumbo, & Ross,
2003a), and Marston proposed the concept of ‘psychon’, the element for emotional

energy, which is rooted in reductionism (as cited in Irvine, 2003).

Marston's ‘psychon’ are emotional energies that have its polarities. These energies
stand in opposition to each other. The same energy might manifest in different kinds of
‘emotional response’. According to Marston, these energies, or forces, originate from
the biological structure of humans, and when interacting with the environment,
manifests into four pathways (or polarities) taking four different directions (in Marston’s
original terms). Dominate, Influence, Submit, and Compliance (DISC) (as cited in Irvine,
2003).

Marston's DISC model was best explained by Berry's (1976) social leadership style
interpretation. In a hostile environment, such as a migratory (hunting-gathering)
society, the leader tends to possess ‘Influential’ qualities that enable him to interact on
a friendly basis with most of his subordinates. The leader needs to be able to
maintain/construct the social bond very quickly and successfully. In contrast, the
subordinates tend to be ‘submissive,” which is defined as ‘willingness to support’.

Subordinates, such as the tribe’s doctor or hunters, are able to self-sustain.

However, it is only due to the friendship the leader provides that binds them together.
The social hierarchy structure of such a system is not particularly clear. The leader
and the subordinates keep within relatively short distances of each other, so that when
the external environment is stressful, the leadership style tends to be relatively stress
free due to the support received from the subordinate structure. I-S interaction is
therefore popular among egalitarian hunting groups (Berry, 1976, 1980; Berry &
Associates, 1986; Berry & Irvine, 1986).
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In contrast, in a sedentary (agricultural, high population density) society, leaders tend
to exercise ‘dominance’ (power, hierarchy, distance) via many social techniques.
These would include retaining a little mystery, along with the creation of formalism,
religion, mannerism, tradition, and distance. In such a culture, unquestioned patriotism
(following unexplained cultural rules, traditions, and social disciplines) is normally a
prerequisite. This social organisation can be defined as ‘compliance’ (Berry, 1976,
1980).

Individuals tend to adopt the interaction system that they are culturally most at ease
with. PPA is an attempt to find out an individual's social interaction style they are
comfortable with, I-S or D-C. And from the passive or active direction to determine

individual’s inclination towards | (active)-S (passive) or D (active)-C (active).

The present PPA models are not only based on Marston’s original DISC terminology
and definitions but they have also been shaped by other developments in
psychometrics. Since 1928, the definition of DISC had been reshaped through the
influence of different theorists and psychometrics. For example Allport’s definition of
Ascendance-Submission dimension in his Trait Theory in 1937 (as cited in Irvine, 2003),
Murray’s Need Theory in 1943 (as cited in Irvine, 2003), Jackson’s Personality Domain
in 1984 (as cited in Irvine, 2003), and Hendrickson’s construct validity research in the
USA, and the formulation of the PPA in 1958 (as cited in Irvine, 2003). The current
definitions of the DISC descriptive terms are (Hendrickson, Undated/1958; Irvine, 2003).

e Dominance (D): Assertive, Competitive, Direct, Driving, Forceful, Inquisitive, Self-

Starter, Aggressive, Blunt, Egocentric, Daring, Decisive, Demanding, Dominating,

Overbearing, Self-assured, Self-indulgent, Venturesome.

e Influence (I): Communicative, Friendly, Influential, Persuasive, Positive, Verbal,
Affable, Charismatic, Charming, Confident, Effusive, Generous, Gregarious,

Optimistic, Participative, Poised, Promoter, Self-promoting, Sympathetic, Trusting.

e Steadiness (S): Amiable, Deliberate, Dependable, Good Listener, Kind, Persistent,

Accommodating, Easy-going, Industrious, Lenient, Non-demonstrative, Patient,

Passive, Predictable, Relaxed, Self-controlled, Serene, Soft-tempered, Steady.
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e Compliance (C): Accurate, Careful, Compliant, Logical, Perfectionist, Precise,

Systematic, Adaptable, Cautious, Conservative, Conventional, Diplomatic,
Disciplined, Evasive, Open minded, Overly Dependent, Rational, Self-effacing,

Worrier.

2.2.2 Psychometric quality - psychometric theory behind PPA, construction of

test, and application of the test

22.2.1 Early origin in USA - creation of first form 1958

The Thomas PPA was constructed by Thomas Hendrickson in 1958 (as cited in Irvine,
2003). The original research selected various DISC terminologies according to
Marston and Hendrickson’s operational definition of DISC. Terminologies in four
dimensions were then used to construct a preliminary form, which was given to 115
subjects (67 males / 8 females) for generating frequency responses. The occupational
distribution used was. 46 college students, 17 teachers, 27 supervisors, 16 other

professionals, 13 office workers, 6 miscellaneous (Hendrickson, 2007; Irvine, 2003).

2.2.2.2 Empirical test of first form, general reliability

The second version matched frequencies for each of the four words representing the
four different dimensions into tetrads (item sets). In 1958, in the USA, the revised form
was administered to a larger and more representative sample groups of 500 (388
males/112 females) divided between the following occupational groups: 212 managers,
128 professionals, 62 clerical, 38 salespeople, 34 machine operators, 36

miscellaneous.

A random sample of 100 was drawn from the above group to determine split-half

reliability and inter-correlation among the four factors.

The results indicated that the Personal Profile had a satisfactory internal consistency

when assessed in this way (see Table 2.1).
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Table 2.1 Hendrickson'’s initial scales inter correlation and reliabilities (as cited in
Irvine, 2003)

Scales D I S C
Inter-correlations 0.60 -0.42 -0.11
-0.02 0.25
0.34
Reliabilities
Try Out Split-half 0.93 0.78 0.84 0.72
Internal 0.86 0.89 0.80 0.81
Re-test 0.84 0.70 0.77 0.87

To eliminate non-discriminating items from the scoring key, an item analysis was
initiated. A random sample of 185 (130 male/55 female) was drawn from a population
of 1 200 to re-test the quality of the new form (see Table 2.1). This sample had an
occupational distribution of 89 managers, 35 technicians, 26 office workers, 12
engineers, 12 sales people, 6 staff and 5 miscellaneous (Irvine, 2003). The general
results indicated that 75% of the D (Dominance) and S (Steadiness) items had good
correlations (>.60). The | (Influence) and C (Compliance) items had 75% median inter

correlations (>.40) and 30% good correlations (>.60)

2.2.3 Change of construct definition and new scoring key

The internal consistency was confirmed and the scoring key adjusted (see Table 2.1).
At this stage, the Marston dimension of SUBMISSION was changed to STEADINESS
and the Marston dimension of INDUCEMENT changed to INFLUENCE (Hendrickson,
Undated/1958). A random sample of 100 (75 males / 25 females) was selected from
the previous 1 200 group to test the new scoring key, and the results were correlated
against the original trials. The correlations obtained ranged from .99 to .87, with an
average of .96 (Hendrickson, Undated/1958).
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2.2.4 Establishing the PPA graphs of the new form

Another sample of 1000 was drawn (752 males/248 females, 43%
managers/supervisors, 18% salesman, and 11% clerical workers). The scores
obtained via the new scoring key were converted to a percentile system that later
evolved into the graphical reference, and later presented into three masks; namely

work, under pressure, and self-graphs.

This research was conducted in the early 1960s and the final version led to an
extensive report on the issue of behaviour in the work place. The report was submitted
to the American Psychological Society, and is regarded as important both in terms of

the results the PPA achieved, and the methodology of the research (Irvine, 2003).

In each item group (tetrad), four words are claimed to have equal response frequencies.
High response words were grouped together with other high response words, low
response words with other low response words. The 76 of the original 96 words were
absorbed in this manner and five extra tetrads were constructed to bring the total once
more to 24. Of the words retained, 39% are the same as in Marston (Hendrickson,
Undated/1958). The PPA ended up using 24 tetrads, and 96 items to measure the four
constructs (Hendrickson, Undated/1958).

2.2.5 UK introduction in 1981 and current form

The PPA questionnaire, as derived by Hendrickson, was introduced into the UK in
1981 following adjustments to take into account different perceptions between US and
UK uses of the English language. The revision was completed to allow for
contemporary attitudes to equal opportunities and gender neutrality (Hendrickson,
Undated/1958).
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2.2.6 Registration

The PPA is currently registered with the British Psychological Society (BPS)
(Hendrickson, 2007) and the Health Professions Council South Africa (HPCSA)
(HPCSA, 2006b; SATP, 2003).

2.2.7 Reliability and validity

2.2.7.1 Reliability

A test is said to be reliable if it provides the same score for each subject on different
occasions. Thomas International recommends that the PPA be given at intervals of no
less than three months (Irvine, 2003). The minimum acceptable coefficient for test
reliability is 0.7 (Kline, 2000, DeVellis, 2003; Thompson, 2003). High test/retest
reliability has been shown for the PPA in retesting, and the UK data are regularly
reviewed. As an example, one test/retest reliability study involved 72 people, (47
males/25 females), all employed in executive or professional positions. Retest
intervals ranged from 3-12 months with a mean of six months (Hendrickson,
Undated/1958). The test/retest reliability coefficients of the PPA dimensions of DISC
were as follows (see Table 2.2) These results suggest that the PPA is a reliable

measure, and that it has stability over time.

Table 2.2 Test-retest reliability of PPA

R
D 0.84
| 0.70
S 0.77
Cc 0.87
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2.2.7.2 Validity

Early data suggested that the PPA and its interpretations from the DISC factors
achieved a predictive (test-retest) validity of more than 85% (Irvine, Mettam & Syrad,
1994). The research showed that the PPA gives good predictive validity when
objective and verifiable criteria are used. It showed clearly distinguishable profiles for
different job types and also differences within profiles for successes and failures in

these jobs.

The PPA’s construct validity was investigated by correlating it with the Guilford-
Zimmerman Temperament Survey (GZTS), 16PF and OPQ, and high correlations with

these scales were obtained (Hendrickson, Undated/1958) (see Table 2.3).

In terms of construct structure, the PPA generates a high correlation between the DISC
subscales, and the pattern remains stable in international research. Throughout
international research, Russia (n=600), Holland (n=127), Turkey (n=214), Denmark
(n=539), USA (n=1512), UK (n=4083), SA (n=5655) and China (n=650) all generated a
similar result. In terms of reliability, the test/retest reliability was D=0.84, 1=0.70,
S=0.77, C=0.87 (Irvine, 2003) (see Tables 2.4 and 2.5).
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Table 2.3 DISC construct comparison with G-ZTS (Hendrickson, Undated/1958)

Dominance Inducement Stead[ne;s Compliance
Influence Submission
G-ZTS(+) G-ZTS(+) G-ZTS(+) G-ZTS(+)
General activity Social ascendance Restraint Restraint
masculinity Sociability Emotional stability Reflectiveness
Masculinity Objectivity
Personal relations
G-ZTS(-) G-ZTS(-) G-ZTS(-) G-ZTS(-)
Restraint Restraint General activity Sociability
Reflectiveness Reflectiveness Emotional stability
Masculinity
Supervisors Supervisors Supervisors Supervisors
Ratings (+) Ratings (+) Ratings (-) Ratings (-)
Technical Directing Work quality Ambition
Qualifications
Planning Management Judgment
Relations
Judgment Ambition Creativity
Creativity Ambition
Company Knowledge Interest
Ambition

Note: (+) indicates positive correlation above 0.3, (-) indicates negative correlation
below -0.3. Detail also contrasted with Supervisor’s rating on candidates in DISC
groups (Hendrickson, Undated/1958).
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Table 2.4 Hendrickson's (1958) scale inter correlations and reliabilities (n=500,
388M, 122F) (Irvine, 2003)

Scales D | S C
0.6 -0.42 -0.11
Inter correlations -0.02 0.25
0.34
Reliabilities
Try Out Split-Half 0.93 0.87 0.84 0.72
Internal 0.86 0.89 0.8 0.81
Re-Test 0.84 0.7 0.77 0.87
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Table 2.5 Similarity between item structuring and international research.(Pearson
correlation) (Hendrickson, Undated/1958; Irvine, 2003)

Russia n=600 D | S C
Dominance 0.03 -0.65 -0.51
Influence -0.50 -0.58
Steadiness 0.47
Compliance

Holland n=127 D | S C
Dominance 0.1 -0.70 -0.60
Influence -0.31 -0.57
Steadiness 0.38
Compliance

Turkey n=214 D I S C
Dominance 0.04 -0.72 -0.47
Influence -0.32 -0.52
Steadiness 0.28
Compliance

Denmark n=539 D | S C
Dominance -0.09 -0.73 -0.50
Influence -0.31 -0.44
Steadiness 0.32
Compliance

USA n=1512 D | S C
Dominance 0.05 -0.78 -0.54
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Influence -0.45 -0.61
Steadiness 0.46
Compliance

UK n= 4083 D | S C
Dominance -0.15 -0.75 -0.49
Influence -0.21 -0.40
Steadiness 0.24
Compliance

China* n=650 D | S C
Dominance -0.127 -0.606 -0.450
Influence -0.398 -0.368
Steadiness 0.121
Compliance

*China study is the current study, 2008

2.2.8 Summary and discussion

This research study utilised the PPA psychometric test of Thomas International.
Thomas Hendrickson designed the test on the basis of Marston’s DISC theory in 1958,
which again was influenced by the reductionism prevalent during that era. The DISC
theory postulates that there are four different behavioural manifestations of
psychological energy. Two axes of polarity are postulated as positive-negative and

active-passive.

From the two axes, four quadrants of energies are named as: ‘Dominant (active-
negative),” ‘Influence (active-positive), ‘Submission (passive-positive),’ and
‘Compliance (passive-negative). The four quadrants attempt to describe the habitual
direction that an individual would tend to ‘behave’ in when encountering social

interaction.
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Berry (1976) further interprets the framework in the social leadership style theory,
arguing that IS is the product of an egalitarian migratory society, while DC is the
product of a hierarchical sedentary society. It is also suggested by Berry (1976) that
individuals would be more comfortable operating in a leadership style that is closer to

their heritage.

The DISC model was later modified and operationalised by Hendrickson
(Undated/1958), and with the aid of various researchers, the PPA psychometric test
was developed. The reliability of PPA is generally acceptable (Test/retest, D=.84, 1=.70,
S=.77, C=.87). The validity of PPA has been conducted by means of construct validity
studies with the Gilford-Zimmerman Temperament Study, 16PF, and the OPQ. The
PPA’s constructs were examined by means of the international comparison studies
conducted in Russia (n=600), Holland (n=127), Turkey (n=214), Denmark (n=539),
USA (n=1512), UK (n=4083), and China (n=650). These studies confirmed the validity
of the PPA constructs (Ivrine, 2003).

However, although past research has suggested good test/retest reliability (all
above .70), no duplicate study was conducted in the Chinese sample pools. There are
two issues that can be raised. The first concerns the suitability of the PPA system for

international usage, and the second issue concerns its internal consistency.

Hendrickson (Undated/1958) and Irvine (2003, 2007) provided a macro international
study for PPA construct via correlational research (see Table 2.5), although the result
can be interpreted as universally similar. Due to the nature of FC, it is suggested that
all correlational based calculation methods for FC should be used cautiously. This is
because, with the FC measurement, it is still questionable whether the correlational
structure would give more information about the scoring method than about the actual

constructs.

Yet again IRT is selected, for the very reason that it is not a correlational-based statistic.
Although the GRM model shows a good result with SA PPA research, it should be

noted that current research is in a highly experimental stage.
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2.3. Forced choice psychometrics

2.3.1 Historical overview

23.1.1 Initial stage 1940s

Forced choice (FC) measuring appeared in the psychometric world around the 1930s.
The first FC psychometric test that appeared was the Humm and Wadsworth
Temperament scale (as cited in Humm, 1939a, 1939b; Humm & Wadsworth, 1933;
Kruger, 1938; Nederhof, 1985) although initially it received little attention. A similar
idea for the FC technique was developed by Horst and Wherry while working on
personality measurement (as cited in Travers, 1951; Zavala, 1965). Later, the staff of
the Personnel Research Section of the Adjutant General’s office applied the technique
to the problem of rating officers, which resulted in the production of the Army Efficiency
Report (Sisson, 1948; Travers, 1951).

The technique of FC construction was later presented at the American Psychological
Association’s 54" annual meeting (Staff, 1946). It received good recognition and soon
became one of the most popular methods to combat Social Desirable Response

among the measurement society for the next two decades (Ford, 1964; Zavala, 1965).

2.3.1.2 Increased popularity 1950s -1960s

The forced choice method was created with the intention of decreasing the
respondent’s ability to manipulate results (Staff, 1946). The FC method received good
recognition after the APA conference and was used for a variety of purposes. The FC
technique has also been used by the US military to rate servicemen and general
efficiency (Falk & Bayroff, 1954; Sisson, 1948; Wherry, 1959), engineers (Lepkowski,
1963), academic performance (Schutter & Maher, 1956), general personality (Denton,
1954; Gordon, 1951) , personnel selection (Bass, 1957; Ghiselli, 1954; Gordon &
Stapleton, 1956), empathy measurement (Denton, 1954), and psycho-physical

measurement of sensory function (Blackwell, 1952).
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As interest in the FC method increased, some older tools were adapted into the FC
format, such as various anxiety measurements (Bendig, 1956; Christie & Budnitzky,
1957; Heineman, 1953; Howe & Silverstein, 1960; Taylor, 1953).

2.3.1.3 Interest wanes - 1970s

Interest in the FC method, however, began to wane in the 1970s. Many researchers
claimed that its methods were deeply flawed in various respects, which can be
classified in terms of three aspects: construction, calculation, and interpretation (Brown
& Harvey, 2003; Martinussen, et al., 2001; Nederhof, 1985).

Construction

Researchers have claimed that selecting item groups of equal preference is a
theoretical concept that is extremely difficult to operationalise. Item selection statistical
processes such as discrimination index, general factor loading, and magnitude of the
group factor loading (Wherry, 1959) are most commonly used. However, these
processes cannot guarantee that the items selected are equally preferable throughout
differing samples, testing conditions, time, and cultures. Even after successful
grouping, an item grouped according to equal preference would face another problem,
i.e. unrealistic choice. FC methods often involve alignment of two or more constructs.
To select one construct from the options provided does not resemble a real choice
reality (Scott, 1963). In reality, humans do not need to give up one value for another.

This makes the generalisationability of FC questionable.

Calculation problem

Theorists mostly criticise FC for its inability to use classical test theory statistical
methods (such as Cronbach’s Alpha) for internal consistency and factor analysis for
construct validity (Bartram, 2007; Martinussen et al., 2001), an aspect that will be

explored in a later sections.
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Interpretation

Due to difficult and unrealistic choice options, it is commonly observed that missing
responses occur when respondents become too frustrated to make a choice (Edwards
& Diers, 1962). Also, there are no normative comparisons for the result, making it
difficult to further differentiate individuals who possess similar profiles (Hicks, 1970;
Johnson, Wood & Blinkhorn, 1988; Tenopyr, 1988). After all, FC is still found to be
‘fakeable’ because respondents can conclude what is required for specific professions

(Vasilopoulos, Cucina, Dyomina, Morewitz & Reilly, 2006).

2.3.2 Debates in forced choice: Calculation

2.3.2.1 Lack of normative result, artificial correlation

There are many debates around FC psychometrics, mainly in relation to the statistical
issue (Christiansen, Burns & Montgomery, 2005; Hicks, 1970; Johnson et al., 1988;
Zavala, 1965). Ault and Barney (2007) suggest that FC is limited by its form, unlike the
Likert scale, and FC would lead to certain types of relationship among constructs, such
as artificial positive or negative correlations. The effect is constructed mainly because
the forced choice item would only allow the subject to select between a limited number
of options. As an example, in the Myers-Briggs Type Indicator (MBTI)’s forced choice,
candidates are forced to select between ‘thinking’ or ‘feeling’ as a sub-option within an
item, which leads inevitably to negative correlations between thinking and feeling.

However, such correlations are ‘artificial’ (Ault & Barney, 2007).

2.3.2.2 Internal consistency cannot be tested

As mentioned above, due to the potential problem in FC of creating ‘artificial’
correlation, the integrity of reliability is also endangered, such as in Cronbach’s Alpha
and split-half reliability. According to Ault and Barney (2007), FC is relatively un-
interpretable via normal classical test theory (CTT) psychometric reliability and validity
indicators, such as Cronbach’s Alpha or split-half reliability (Ault & Barney, 2007; Hicks,
1970; Tenopyr, 1988).
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2.3.2.3 Factor analysis

Due to the fact that FC scales could distort the correlation result, early researchers had
intuitively suspected that FC could not be applied to factor analysis (Edwards & Walsh,
1964). The suspicion was later confirmed in various studies (Clemans, 1996; Closs,
1996; Gordon, 1976; Johnson et al., 1988; Saville & Wilson, 1991). The ‘artificial
correlation’ (as this paper terms it) is termed ‘constrain in correlation’ which would
result in high or low in factor systems, thus making factor analysis unsuitable for FC

measurements.

2.3.2.4 The other side of the problem with Likert scales

Some theorists highlight Likert scales’ inability to counter pseudo and extreme
response styles, and Underhill, Lords and Bearden (2006) emphasise the ‘fake

resistance’ ability of FC methods in contrast with Likert scale psychometrics.

2.3.3 Contemporary view

Underhill et al. (2006) operationalised faking through comparing the mean difference
between honest response results and optimised response results in two equivalent
Likert and FC forms (2x2). They argued that if the difference is insignificant, this would
imply that such psychometric instruments can be defined as difficult to ‘fake’. The
researchers used university students in the sample (n=172) and found significant
differences (T test) in 5-point Likert scale psychometrics, but no significant difference in
the FC format (Underhill et al., 2006). The researchers further concluded that FC is
more difficult to ‘fake’ in socially preferable ways due to its unique nature (Underhill et
al., 2006).

Research also indicates that FC data might provide problematic reliability (Baron, 1996)
and factor analysis results (Cornwell & Dunlap, 1994). However, in contrast to the
Likert scale, Baron (1996) also suggests that FC is closer to a realistic environment.

Unlike the Likert scale, which assumes that constructs will not influence each other, FC
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presents a platform that forces candidates to select between constructs, which is more
realistic (Baron, 1996).

Researchers such as Matthews and Oddy (1997) suggest that both FC (Ipsative scale)
and Likert Scale (Normative Scale) have limitations. The Likert scale is endangered by
pseudo/extreme response patterns, and FC by reliability. Therefore both should be

used in practical assessment.

2.3.4 Summary and discussion

The forced choice psychometric method appeared around the 1930s. The FC concept
was initiated from the clinical measurement researchers such as Humm-Wadesworth
team (as cited in Humm, 1939a) and the Horst - Wherry team (as cited in Travers,
1951; Zavala, 1965). It received favourable recognition post the 54" APA annual
meeting in 1946 (Staff, 1946). FC reached its highest popularity between the 1950s
and 1960s, but its star began to wane in the 1970s. This was due mainly to the fact
that FC is difficult to construct, interpret and calculate according to classical test
theoretical (CTT) statistical protocols. Many researchers considered that FC could not
be examined under common psychometric procedures, such as reliability/internal
consistency and factorial/correlation statistics. Some theorists suggest that the FC

method is not free of SDR, as is claimed.

Contemporary researchers looked back to the FC format with alternative tools, such as
item response theory, which would suggest that FC can be interpreted and
standardised effectively. With the help of contemporary technologies and calculations,

such as CAT and IRT, FC might shed new light on the common SDR puzzles.

Early researchers on the Ipsative did not mark the difference between types of tools
clearly. It might have been due to the fact that researchers often discuss around the
tool without revealing the actual item and date on which it is used, which could delay
publication (view the debates between Baier, 1951; Richardson, 1951; Sisson, 1948;
Staff, 1946; Travers, 1951).
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The FC items often come in item sets of 2 or 4, i.e. the two selections FC (dyad)
sampled by MBTI and the four selections FC (tetrad) sampled by PPA. However, FC
models are not fully defined or understood, which leads to varied interpretations and
criticisms. It needs to be noted that much of the research centred on the ‘forced
choice’ nature of the FC scale in spite of the fact that they are differentiated in various
types and quality (Berkshire & Highland, 1953).

Although all FC tools have an FC element, the difference in form leads to a completely
different statistical approaches, and cannot be considered as a single format. This
implies that some of the criticism targeting FC cannot always be applied to all its forms.
Research using an FC umbrella term to generalise and criticise FC could lead to over
generalisation. For example, an early paper of Travers’ (1951) considered the creation
of FC as simply an alignment of equally preferable descriptive texts from two opposite

sides of one construct.

In Travers’ interpretation, putting two different constructs (two dyads) into one item set
is the method of creating a tetrad (Travers, 1951). Travers’ idea originated from
Sisson’s (1948) renewed FC Army scale (WD AGO Form 67-1 Part Il). In Sisson’s
model, subjects are faced with two socially preferable and two un-preferable options.
In Sisson’s (1948) consideration, most ‘friendly’ assessors would tend to mark one item
as ‘Most’ within one of the Positive items (see Table 2.6 below), i.e. item 01 between

option a and b).

Table 2.6 Section IV of WD AGO from 67-1 Part Il (as cited in Sisson, 1948)

Actual item Type of item
Item 01

a People work for & with him because of his personality Positive

b Never rank-conscious Positive

c Thinks only of himself Negative

d Worries a great deal Negative
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While on the other hand they would choose one item as ‘Least’ in one of the negative
items, individuals who are marked ‘M’ on the positive item, and also ‘L’ on the negative
item would receive one positive mark. An item set (tetrad) could generate a maximum

of two positive marks (Sisson, 1948).

However, in contrast to the later development, such as PPA, Sisson’s (1948) items
possess easily interpreted polarities, and therefore might not have the ability to
suppress SDR. The assessors could simply ‘spot’ the positive and negative items and
select accordingly. In contrast, PPA items do not have any specific polarity, making it
harder to evoke SDR response. Using Sisson’s (1948) scale as an example, it is
suggested that not all FCs are constructed in the same way as Staff (1946) would

suggest. Therefore to criticise all FCs for the same defect is an oversimplification.

2.4. Psychometric theory, from Classical Test Theory to Item

Response Theory

2.4.1 Historical overview

The origin of psychological testing can be traced back to the mid-1800s. In the
perceptual laboratories of Leipzig, Germany, 1879, Wilhelm Wundt and colleagues
were the first to recognise the importance of obtaining psychological measurements
under carefully controlled conditions. Wundts’ work mostly involved behavioural
measurements such as reaction time, perceptual stimulation, auditory discrimination, or
the estimation of the relative weights of objects. Wundt established the standard
control condition for data collection (Crocker, 1986; Eid & Diener, 2005; Jen, 2001).

In 1883, British psychologist Sir Francis Galton, inspired by Charles Darwin’s
evolutionary theory, shifted his focus to individual differences. Galton later developed
various quantitative methods for analysis data. The research methods later inspired
statistician Karl Pearson to develop correlation methods. Galton also inspired Charles
Spearman to develop the well-known theory of intelligence ‘g° and advanced

correlational procedure factor analysis.
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Later in 1904, in Spearman's attempts to explain fallible measures and true objective
value, he laid the foundation of the classical true score model (equation 3-1) (Crocker,
1986; Williams, Zimmerman, Zumbo, & Ross, 2003b).

Despite many contributions by German and British psychologists, two Frenchmen first
created a psychological test in the contemporary definition. In 1905 Alfred Binet and
Theophile Simon, at the request of the French Education Department, developed a tool
for identifying mentally deficient children. The Simon-Binet Scale is therefore the first

intelligence psychometric test (as cited in Jen, 2001).

The terminology of ‘mental testing’ was later established in US by psychologist James
McKeen Cattell’'s classical text ‘Mental tests and measurements’. Cattell further
established the concept of ‘normative’ interpretation of testing results. In 1904, E.L.
Thorndike’s publishing of ‘An Introduction of the Theory of Mental and Social
Measurements’ set forth the first systematic discussion of measurement problems and

differing aspects of testing theories.

The concept of psychological testing was well received by the psychological world after
the 1900s. It reached the height of its popularity between 1915 and 1930. From 1930
to 1945 the classical model emphasised the concept of reliability and validity, and
various common statistical constructs, such as the standard error of measurement
(SEM). Test/retest reliability was also developed during this period. As a result of
World War I, the application of psychometrics moved from academic study to mass
military human resource classification, management, and personnel selection during
the period from 1945 to 1960.

Since 1960 till the present time item response theorists began to re-examine various
CTT assumptions, using new statistical models and newly available artificial
intelligence techniques, and they further refined scaling and measurement approaches
(Crocker, 1986; Jen, 2001). The current period is therefore named the era of ‘modern

test theory’ by item response theorists.
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2.4.2 Theoretical overview

The concept of classical test theory was mostly explained in the early publication of
Harold Gulliksen’s ‘Theory of Mental Test' (1950). Presentation of the terminology
‘CTT within contemporary texts could imply that different aspects exist within the
measurement society. Using the term ‘classical test theory’ (CTT) implies the
existence of ‘modern test theory’. Some University textbooks do not even use the term
‘classical test theory’. The content of classical theory such as true score, reliability, and
validity are included in some books, but the term CTT is not used (Aiken, 1991; Barclay,
1991; Cohen, Swerdlik, & Smith., 1992; Cronbach, 1990; Dunn, Mehrotra, & Halonen,
2004; Gregory, 1992; Haynes & O'Brien, 2000; Kaplan & Saccuzzo, 2005; Kline, 2000;
Murphy, 1988; Murphy & Davidshofer, 1998; Tallent, 1992; Walsh & Betz, 1990, 1995;

Zechmeister & Posavac, 2003).

The initial exposition and discussion of this approach used the term ‘classical true
score theory’ instead of ‘classical test theory (CTT)’ (see Allen & Yen, 1979). The term
‘CTT’ is used mostly by item response theorists to contrast it with IRT principles (Baker,
1992; Hambleton, Swaminathan, & Rogers, 1991; Lord, 1980a; Yu, 2007).

There are only a small minority of textbook writers who would use CTT/IRT
classification (Aiken, 2000, 2003; Crocker, 1986; Eid & Diener, 2005; Hogan, 2003,
2007; Kline, 2005). It is suggested that not all researchers have reached consensus
about item response theory as the ‘modern’ theory’, as Crocker and Algina (1986)
suggest in their ‘Introduction to Classical and Modern Test theory'. It is also possible

that the term CTT is considered too technical for introductory level texts.

CTT is commonly referred to as an umbrella terminology for many test methods (Kline,
2005). CTT includes most of the popular analysis techniques, and refers to all the
measurement methods designed around Spearman’s true score theory. The CTT
assumes that the raw score (X) obtained by any subject is made up of a true
component (T) and a random error (E) (Crocker, 1986; Gulliksen, 1950; Kline, 2005;
Williams et al., 2003b).
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This can be expressed as:

X=T+E (3-1)

In terms of variance, CTT would derive from equation 3-1

VAR(X)=VAR(T) + VAR(E) (3-2)

Further, the concept of reliability (R) is therefore defined as:

VAR(T)/VAR(X)=R (3-3)

Which can be expressed as:

VAR(T)=R x VAR(X) (3-3.2)

Due to (3-1), R can also be expressed as:

R= 1- [VAR(E)VAR(X)] or 1-R=[VAR(E)VAR(X)] (3-3.3)

Also, the Standard Error of Measurement (SEM) formula is

SEM=SD x V (1-R) (3-3.4)

When expressing the formula with (3-3.3) formula it should be:

SEM=SD x v [VAR(E)/VAR(X)] (3-3.5)

The basic assumption of true score theory is that the subject would get the same test

score if he had an infinite number of testing sessions.
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This assumption gave rise to many psychometric scales as well as various techniques
such as descriptive statistics, mean/variance/standard error of measurement (SEM)
(equation 3-3.5), measurements for types of reliability (equations 3-3~3-3.5), validity
(KR21 and Cronbach’s Alpha, factor analysis), and item analysis as the item
benchmark tools (p value, D value). For examining item bias, the common CTT
practice is to use the Mantel Haenszel model of Differential Item Functioning (DIF)
analysis (Zumbo, 2007).

2.4.3 CTT assumptions and limitations

Popular theorists such as Lord (1980a), Baker (1992), Hambleton-Swaminathan (1985)
and Kline (2005) indicate several limitations or short-comings arising from CTT’s
assumptions. The current study attempts to summarise them in terms of four aspects.
The two commonly referred to aspects are: sample dependence and parallel-form
reliability aspects, and the two uncommonly referred to are: statistic and realistic

aspects.

24.3.1 Sample dependents and parallel-form reliability

Most texts would focus their discussion on these two topics, i.e. sample dependence
and parallel form reliability (Alagumalai & Curtis, 2005; Baker, 2004; Fan, 1998;
Hambleton & Jones, 1993; Hambleton & Swaminathan, 1985; Lord, 1980a; Yu, 2007).

Sample dependence is the most common limitation when referring to CTT. It is in
regard to various parameters originating from true score theory that are particularly
specific to the sampling/norm group. For example, difficulty (p-value) value,
discrimination index (r or d value), and all types of reliability measures are highly
dependent on sample groups - when the sample group changes, they also change.
The essence of sample dependence is that a particular research study is highly
dependent on the sample group itself, and therefore almost impossible to fully duplicate,
so that it is difficult to generalise results. For example, the p-value (difficulty) would be

high for a high-ability group, but low for a low-ability group.
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The d-value (difficulty) would be lower for a homogenous group, but higher for a

heterogeneous group.

The variances generated by different sample groups can also expected to be different,
so that the reliability (r) changes according to the group. Sample dependence leads to
the common practice of using different norm groups for interpreting results. However,
due to the continuous changing nature, historical effect and sampling effect, it is very
hard to ensure the stability of the above parameters. It is also difficult to truly compare
candidates from different norm groups (Crocker & Algina, 1986; Hambleton & Jones,
1993; Hambleton & Swaminathan, 1985; Kline, 2005; Schumacker, 2005).

Parallel form and reliability is another commonly discussed topic. Most texts
separate issues of parallel form and reliability, but they should actually be considered
together because they have the same origins. Parallel form is one of important
assumptions of true score theory. In CTT, if a candidate is able to complete an infinite
set of instruments that measure the same construct and possess similar d, r, and p
parameters, one is able to measure this candidate’s ‘true score’. The notion of an

‘infinite’ set of items was later defined as different ‘parallel forms’.

However, when encountering actual practice, it is impossible for the ‘parallel from’ to be
operationalised. It is not practical to request all candidates to complete infinite parallel
forms in common social measurement practice (clinical, industrial, educational, or
social). Most social measurements do not have parallel forms, and if they do, utilising
parallel forms and assuming there are no test/retest effects (test results do not

correlate with each other) is also illogical.

Reliability measurement is based on the parallel form assumption, which could be
potentially problematic. Reliability parameters that base their foundation on test/retest,
split-half, and internal consistency all originate from the parallel form assumption. This
approach to reliability can therefore be questioned because this assumption of
correlation is limited in reality (Hambleton & Swaminathan, 1985; Kline, 2005; Lord,
1980a; Yu, 2002).
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Statistical issues commonly appear with IRT theorists contrasting IRT functions with
CTT theory. This can be separated into three sub-categories: measurement,
correlation, and total score issues. CTT measurement works only down to test level; it
is very difficult to find out details at the level of items in regard to individual candidates.
This would normally reflect on the standard error of measurement SEM. CTT assumes
the sample SEM for all candidates across all ability levels, which is unrealistic and

illogical.

For example, for two individuals with different levels of ability to receive the same SEM
is not reasonable. In terms of 1Q, if the SEM is 5, two candidates scored 100 and 115,
to calculate the fiducial interval (confidence interval for individual score) at a confidence
level=.05, one would need to add 2 SEM for each value. For the lower candidate, the
score interval would be 90-110. For the higher candidate, the score interval would be
105-125 (Jooste, 2003). However, such a calculation is unrealistic. The lower value
100, which is closer to the mean, should therefore have most of the data and with a
smaller fiducial interval. For the larger value, with relatively less data, the fiducial
interval should be bigger. CTT would assume, unrealistically, that all ability levels
would have the same SEM (Kline, 2005).

Correlation techniques originated from the work of Pearson and were followed by
Charles Spearman. However, since Spearman plays such an important role in the
creation of CTT, it is hard not to see a trace of correlation in all CTT methods.
According to Wilson (1977), all CTT methods rely heavily on the Pearson Product
Moment (PMM) correlation concept in definition of assumptions. The correlation
concept is within the basic true score concept, reliability, and validity. Also, the
fundamental true score concept that ‘there is no correlation between true score and

error’ is considered difficult to prove in practice (Lord, 1980a; Zimmerman, 1980).

Total scores from CTT theory are commonly used as the indication of the construct or
sub-construct. Given a situation where two candidates have the same total score from
different items, this would not necessarily indicate that they are truly equal to each
other. Furthermore, it is quite possible to generate the same total score from different

response patterns (or social response bias from the Likert scale) or items.
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Under such conditions it is difficult to make absolute assertions that both scores
represent exactly the same construct. This issue would further lead to the
reconsidering of various techniques based on total score related statistics, such as
reliability, that would highly affected by item-total correlation (Hambleton &
Swaminathan, 1985).

The realistic aspect mainly focuses on the practical aspect of measurement. It is
suggested that the practical application of the CTT-based test procedure is relatively
narrow. Due to the sampling norm principle CTT items cannot accommodate every
level of ability, only the level that it was researched beforehand. It is also difficult to
equate the results between tests if they are not a parallel form. Furthermore, the CTT
aspects relating to the item bias/norm system are based on the assumption that there

are no true differences between groups (Hambleton & Swaminathan, 1985).

2.4.4 Advantage of CTT

CTT is relatively easy to comprehend, construct, and apply. CTT’s theoretical
assumptions are easier to satisfy with real test data, and CTT requires a smaller
sample size for initial research. In contemporary practice, it is still the most popular

form of psychological testing (Hambleton & Jones, 1993; Lord, 1980a).
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Table 2.7 Comparison between IRT and CTT (Hambleton & Jones, 1993)

Area Classical test theory Item Response Theory

Statistic Model Linear Non-Linear

Level of Assumption Weak (i.e. easy to meet with test data) Strong (i.e. more difficult to meet with
test data)

Item-ability relationship  |Not Specified Item characteristic functions

Test Scores or estimated true scores
Ability are reported on the test-score scale (or
a transformed test-score scale)

Ability scores are reported on the scale
- to + ( to a transformed scale)

Yes- item and person parameters are
sample independent, if model fits the
test data

Invariance of item and No- item and person parameters are
person statistics sample dependent

p-value (difficulty),

Item statistics (ror d ) discriminate index value, and
(parameters) reliability (r, Alpha, KR20/21, and
Spearman-Brown formula)

a, b, and c (for three parameter model)
plus corresponding item information
functions.

Depends on the IRT model but larger
Sample size 200 to 500 (in general) samples, i.e., over 500, in general are
needed

2.5. Item Response Theory

2.5.1 Historical overview

25.1.1 1940s: The beginnings

IRT was born during the time that CTT was at its most popular, and as a result of
various debates and discussions regarding the true implication of reliability and validity.
Early attempts to counter CTT shortcomings could be traced back to the work of
Richardson (1936) and Lawley (1943). However, IRT really began with Tucker’'s (1946)
attempt to apply the term ‘item characteristic curve’ (ICC) in his text. Early works from
Lawley (1944) and Lazarsfeld (1950) were influential in the work of Frederic Lord, who
is considered to be the main founder of item response theory (IRT), or modern test

theory.
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25.1.2 Model evolution

Lord’s publications established the first item response model and associate methods
for parameter estimation and contributed to the application of this model (the normal
ogive model) on real achievement and aptitude test data (1952, 1953a, 1953b). Lord
initiated IRT with two parameters similar to a ‘normal ogive’ model, because this early
model was equipped with only difficulty (position) and the discrimination index (slope)

as parameters.

The design was similar to CTT’s difficulty (p value) and discrimination index (d or r
value), but presented in a comprehensive visual form that could encompass all levels

of ability. However, this model was later found to be difficult to duplicate in practice.

Birnbaum (1957; 1958a, 1958b) subsequently substituted the ogive model with the now
popular logistic model (two parameter logistic model. 2PL). Birnbaum (1968) also
created the three parameter logistic model (3PL) that added a new guessing
component (¢ value, guessing index) to the model. During the same period, Danish
psychometrican George Rasch (1960, 1966a, 1966b) formulated the Rasch model,
which is conceptually similar to the one parameter logistic model (1PL) with only
difficulty (position of curve) remaining. Unlike 2PL or 3PL models, the Rasch model
does not simulate how an item functions, but rather explores how it can act as a
benchmark for how items ‘should’ work (Rasch, 1960, 1966a, 1966b). The Rasch
model was very influential in IRT item development (Rasch, 1960, 1966a, 1966b).

The progress and recognition of IRT was initially slow in measurement society during
the 1950s-1960s. This slow development was mainly due to the complexity and
intensity of mathematical calculations required by the IRT model. During the 1970s,
thanks to the advent of personal computers and various statistical softwares, the
development gradually speeded up. Samejima (1969, 1972, 1973a, 1973b) expanded
the original dichotomous model designed by Lord (1952), Birnbaum (1968) and Rasch
(1966a), and this led to the development from ability tests with true/false responses to
a polytomous and continuous response GRM suitable for the popular Likert format in

affective psychometrics..
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In the 1980s, IRT theorists further established the methods for test score equating
(Lord, 1980a; Rentz & Bashaw, 1975; Wright & Stone, 1979), computer adaptive
testing (Lord, 1974, 1977, 1980b; Weiss, 1976, 1982, 1978, 1980a, 1983), and test
design/evaluation (Lord, 1980a; Wright & Stone, 1979).

2.5.2 IRT model characteristics/assumptions

IRT is based on the following assumptions/characteristics (Hambleton, 1989;
Hambleton & Cook, 1977; Hambleton & Swaminathan, 1985; Hambleton, Swaminathan,
& Rogers, 1991; Lord, 1980a; Yu, 2007).

e Local independence, IRT item parameters are sample free: All parameters in
1PL, 2PL, or 3PL models are free of the sampling effect. Parameters should not

differ from sample to sample.

e Examinee error measurement: Instead of total standard error of measurement,

individual error measurement can be calculated.

e Test-free ability: The abilities are test free, due to the fact that items between

different tests can be compared meaningfully.

e Item/test information: IRT’s new measurement concept as the third gold standard
other than CTT’s famous validity and reliability, namely item information. Item/test
information indicates the amount of information that an item/test combination could
generate for measurement. ltems that are associated with a unified response yield

low information.

¢ Individual difference: With the help of the item set and item parameters, IRT can

generate different scores for candidates with the same raw/total score.

e Model checking: IRT uses ‘goodness of fit' to recheck a model’s fithess and does

not assume that the current model is an absolute fit.

59



2521 Practical limitations for IRT model

Although IRT possess various positive traits, it is still not the most popular method in
measurement society. According to Yu (2007) the ‘un-popularity’ of the IRT model is

mainly due to the following.

Difficulty: IRT model is built on complex mathematical modelling, which is difficult to
comprehend and apply in practice. It is therefore difficult to access for psychologists

and educational researchers who have limited mathematical training.

Lacking application: Most IRT theorists have a statistical or mathematical background.
However, this would imply that most of the IRT researchers would have a higher

theoretical interest than concern for its practical application.

Calibration complexity: IRT cannot rely on manual calculation, the calculation that it
involves would require, at least, the operation of a personal computer. Therefore the

popularity of the IRT model only increased after the advent of the personal computer.

Lacking support from CTT theorists: CTT questions IRT’s applicability in a practical
situations. For example, it is very difficult to attain the large sample size that is an IRT
requirement in most practical research. Also, many IRT results are not used as a
standard in psychometric society, and some of the associated statistics have a purely

academic rather than practical focus.

Large sample requirement: For various published CTT validity and reliability research
studies, the sample sizes vary between 200 to 500. In contrast, IRT’s entry sample
size is 500, which implies that the approach cannot be used when research funds are

limited.
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2.5.3 Summary and discussion

Contemporary testing theory initiated during the mid 1880s. Inspired by various
researchers before him, Spearman laid down the fundamental theory and model for

Classical test theory, such as true score and correlation/regression theory in the 1900s.

During the two World Wars, psychometric theory expanded due to its ability for aiding
selection of military human resource. However, during the 1940s and the 1960s,
arising out of discussions on some theoretical limitations of Classical test theory (CTT),
various measurement specialists with mathematical/statistical backgrounds started to

suggest a new model, and this led to the creation of item response theory (IRT).

Lord is considered as one of the most influential individuals of this movement. IRT
targeted various CTT limitation in true score theory, such as overemphasis on
correlation/linear model, highly sample dependent, incomprehensive concept of
standard error of measurement, and unrealistic parallel forms model/reliability. The
IRT model claims to be much more powerful than its predecessor by suggesting a
number of new concepts such as item information. These include a non-linear logistic
model, local independence, individual error measurement, more individual differences,

test free ability, and model re-checking procedures.

However, IRT lacks support from the general measurement society, mostly due to its
mathematical complexity and large sample entry requirement. The current era is facing
various CTT limitations, and with the support of personal computer, software, and the
web 2.0 network, the focus shifts back to IRT. After all, IRT could be the modern

model for the measurement of the future.

The CTT and IRT have almost the same application quality, although IRT offers a few
additional qualities (that many researchers would not know how to apply). Questions
are often raised regarding this issue. If both CTT and IRT’s application aspects are
similar, why should researchers study the much more complex IRT model instead of
just CTT? Applying Ockham’s Razor would suggest an inevitable conclusion because,

after all, simpler is better (as cited by Encyclopedia Britanica, 2009).
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This set of entangled issues results in a situation that is similar to the one between
Newtonian gravity and Einstein’s general relativity. Both models attempt to explain
‘gravity,” but Newtonian’s matter attraction is much simpler than Einstein’s space-time
curvature. Moreover, in terms of practical application, Newtonian’s theory can be
applied to most of the daily cases with only minor errors. Nevertheless, Einstein’s
theory is more capable of explaining these errors, and is further able to explain the

curvature of light and time distortion due to speed and gravity.

A similar relationship exists between CTT and IRT. CTT is applicable to most social
assessments and requires large samples. However, CTT is still limited by its
correlation assumption. CTT is simple to use and can provide single SEM and
summary statistics, but is not able to go into the dynamic world of measurement. IRT,
on the other hand, is able to investigate these dynamical details and provide much

more insight.

Once again, when we look into the true meaning of Ockham’s Razor ‘pluralitas non est
ponenda sine necessitate’ (plurality should not be posited without necessity) (as cited
by Encyclopedia Britanica, 2009), CTT is actually making more assumptions, and
assumptions of greater scope, regarding the nature of testing response than IRT.
However, it is not the intention of this paper to discard CTT. CTT is still very useful and
reasonable to deal with common, small-scale applications. The suggestion is that IRT
should be equally ‘respected’ because of its applicability in large-scale research

projects.
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CHAPTER 3. POSTULATES

3.1. Introduction

The current study is based upon many assumptions and postulates. Indeed it would
not be possible to conduct the research and the associated analyses without making
some assumptions, and the reliability and validity of the results of the research study
are ultimately dependent on these assumptions. It is therefore necessary for readers
to explore these assumptions, as they could point to fundamental mistakes in the

research approach taken in this study.

At this stage the research focus should be revisited. Figure 3.1 states the basic
research question of this study and three areas of involvements. The research focuses
on ‘Can item response theory (IRT) be used in forced choice psychometric (FC)
adaptation?’ The three major areas of involvement would be IRT issues, FC issues,

and adaptation issues.

IRT
issues

Q:Can IRT
be usedin
FC adaptation

Figure 3.1 Basic research question and areas of involvement
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However, when operationalised, the three areas would convert to. IRT to contrasting
statistical methods, FC to personal profile analysis issues, and adaptation to Chinese
cultural issues, as these three areas are what this research used to explored the

research question (see Figure 3.2)

-

IRTissues

Q:Can IRT
be usedin

_ FC adaptation gytT 0
Fﬂ Issues n issues

Figure 3.2 Research question operationalised and areas of involvement

In the current operationalisation, the three areas are not mutually exclusive. The
interaction between three areas actually generates three more areas of issues. ‘Can
FC data be used in all stats? Can stats represent responses in another language
accurately? Do PPA constructs exist in current Chinese culture?’ (See Figure
3.3)
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IRTissues

Adaptation
issues

S =

Figure 3.3 Three operationalised areas and their interactions

These operationalised three main areas and three interaction areas contain many
issues that cannot be covered by the limited scope of the current research. Therefore,
this study can only assume the positivity of these areas in order to answer the main
research question. The following chapter is dedicated to clarifying the following

assumptions. The total six areas are designated in Figure 3.4.
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D B

Figure 3.4 Six areas of assumptions in the current research

3.2. AreaA: Basic assumption within personal profile
analysis (PPA)

Figure 3.5 Area A: Basic assumption within Personal Profile Analysis (PPA)
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PPA (personal profile analysis) is a HPCSA registered tool. However, to conduct the

current study, this research still needed to assume the full functionality of various PPA

construct structures, calculation methods, and current standardised administrative

method are correct and functional. The following section introduces the fundamental

assumptions such as IEC (Item Express Construct) and PAC (Pre-Assigned Construct);

and Hi (high) and Lo (low) markers.

Table 3.1 Pre-assigned construct (PAC) of Personality Profile Analysis (PPA)-
English (Hendrickson, Undated/1958; Irvine, 2003)

:gt.rad PAC !IEg:nminology PAC llgg:nminology PAC llgg:nminology PAC !IEgnminology

1 S Gentle HI | |Persuasive C Humble Lo D |Original

2 | Attractive C Dutiful D Stubborn Lo S |Pleasant

3 Lo C |Easily Led D Bold Hi S |Loyal | Charming

4 Hi C |Open minded |S Obliging Lo D |Will power | Cheerful

5 Lol [Jolly C Precise Lo D |Courageous S Even-tempered
6 D Competitive S Considerate Lo | [Happy Lo C |Harmonious

7 Lo C |Fussy Hi S |Obliging D Won't be beatenl|I Playful

8 Hi D |Brave Hil |Inspiring Lo S |Willing to submit|Lo C |Timid

9 | Sociable S Patient D Independent Hi C |Soft-spoken

10 D Adventurous |Hi C |Receptive Lol |Polite S Moderate

11 | Talkative S Controlled Lo C |Go with the flow |D Decisive

12 Lol |Polished D Daring Hi C |Diplomatic S Satisfied

13 Hi D |Aggressive | Life of the party S Soft-touch Lo C |Fearful

14 C Cautious Hi D |Determined | Convincing Hi S |Good-natured
15 Hi S |Willing no (I) |Eager C Agreeable Lo D |High Spirited
16 HI'I |Confident Lo S |Sympathetic Lo C |Tolerant D Assertive

17 Hi C |Well-disciplined|S Generous Lol |Dramatic D Persistent

18 Hil |Admirable Hi S [Kind Lo C |Resigned D Force-of-Character
19 Hi C |Respectful D Wants to be in the lead|l Optimistic S Accommodating
20 D Argumentative |[Hi C |Adaptable Lo S |Easy going I Light-hearted
21 E(i)?/ Trusting Lo S |Contented D Positive C Peaceful

22 | Good-mixer Lo C |Cultured D Vigorous S Caring

23 | Companionable|Hi C |Accurate Outspoken Lo S |Restrained

24 D Restless S Neighbourly | Popular C Faithful
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Note: Hi — items are only scored when items are marked as ‘M’ / Lo — items are only scored when items
are marked as ‘L’

IEC (Item Express Construct) and PAC (Pre-Assigned Construct)

This study assumes that if a PPA item is functioning according to its PAC (which can
be expressed as IEC=PAC), it is considered a functional item. Background information
regarding the postulation between Pre-Assign construct (PAC) and Item Expressed

construct (IEC) will be introduced in the following sections.

3.2.1 AreaA.l1: PACin PPA

The PPA items are pre-assigned to constructs (see Table 3.1). The ‘descriptive words’
originate from Marston’s theory; Hendrickson (Undated/1958) used Allport’s descriptor
theory and drafted the first group of trait- terms in response to four constructs (as cited
in Irvine, 2003). These trait terms were later embedded in the preliminary form, which
was then administered to 115 subjects for investigating the response frequency for
each trait term. The second version matched frequencies (as indices of equal
response strength) for each of the words representing the DISC construct, and grouped
them into 24 sets of tetrads (Irvine, 2003).

3.2.2 Area A.2: Hi - Lo markers

Another important mechanism that was embedded within the PPA is the Hi- Lo marker
(see Table 3.1). This means that items are only scored when marked with ‘M’ or ‘L.’

Most of the PPA items are marked in both M and L situations.

Hi items are the ‘non-socially preferable’ items within the tetrad. This means that
when placed within the tetrad, it is very likely that they would be marked as ‘L’ (least).
Such items normally contain extreme descriptions of certain traits of the target culture,
and they are therefore very likely to be marked as ‘L’ (least). Examples of such items
are ‘Easily Led’, ‘Obliging’, ‘Aggressive’ or ‘Determined’. It is unlikely that ordinary

individuals would describe themselves in these terms (i.e. marking them as ‘M’).
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However, it is very common for subjects to deny that they possess these traits (i.e. by
marking an item as ‘L’). Since scoring ‘L’ would decrease the spread due to the reason
that most of the respondents would use such an option, that option is excluded. The
item is scored only when it is marked with ‘M’ (most). This is the rationale behind Hi

item.

Alternatively, Lo items are the ‘socially preferable’ items, which means that they are
very likely to be marked as ‘M’ (most). Examples of such items are ‘Pleasant’,
‘Original’, ‘Open minded’ or ‘Polite’. These items are common terms that individuals
would use in their daily lives. Therefore it is very likely that they would be used as self-
descriptors. Scoring all the ‘M’ responses would also decrease the spread of the data.
Therefore they are only scored when they are marked as ‘L’. This is the rationale

behind Lo item.

The other items are neither popular nor un-popular in terms of ‘M’ or ‘L’ within their
tetrads, and no Hi/Lo scoring structure is therefore assigned. However, this leads to a
very important issue when translating the PPA. In short, the social preference of
terminologies is the core of the PPA scoring method. It is very likely that the translated
items would not function in the same way in another culture, because the social
preference of the translated terminology would not be equivalent to the original. If so,
the question remains as to whether the translated items would still function in the same

way in the new culture.

3.3. Area B: Basic assumptions within the statistical methods,
contrasting Item Response Theory and other

statistical methods

Various methods are used to contrast the functionality of item response theory. In all
these methods, the assumption must be made that they are functional and are correct
in order for them to be applied in this particular context. This research also assumed

that they can be compared with one another.
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Figure 3.6 Area B: Basic assumptions within statistical methods

3.3.1 Area B.1: Face validity of the level of measurement conversion

In this study it was decided to present the Item Characteristic Curve (ICC) in its raw
form as the main theme to contrast with other forms. This means that no parameter
estimation was used in the ICC. Parameter estimation methods was only excluded
from the ICC, but the other methods, such as general response model (GRM) and

correlational parameter estimation (CPE), still required parameter estimation methods.

It is further assumed that this method is the best representation of the PPA data; the
main reason being the complexity of FC data. However, to reconfirm the data, the
general response model (GRM) family, Kendal's Tau B (KTB) model, and forced choice
to multiple choice question conversion (FCMCQ) would be used to contrast the
difference. This research would also need to assume all above methods’ functionality
and can be applied and contrasted with one another in the current research. More
detail of how PPA data are used in all the statistical methods would be explored in area
D. Detailed assumptions on how the results can be interpreted from all the statistical

methods would be explored in area E.
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3.4. Area C: Basic assumptions within Chinese Culture and

psychometric adaptation

Figure 3.7 Area C: Basic assumptions within cultural issue

Psychometric adaptation is a complex subject matter. It cannot be conducted by
translation only. When cultural and historical contexts are changed, many of the
terminologies no longer yield the similar meaning, preference, and psychological

responses. All these factors are important to the functionality of a psychometric test.

Chinese culture is currently going through a rapid phase of change. This changing
phase would quickly shift the valued and system of terminology towards global values
and standards. The basic assumption of this area is that conducting adaptation
research in the current Chinese culture can yield stable results that can be generalised
to the current Chinese population; at least valid for an acceptable time period. Thisis a
very important assumption due to the reason that the changes within Chinese culture
are very fast and complex. This research also assumes that the results yielded from
this adaptation research derive from the treatment, and not from the natural

cultural/historical changes.
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Further, In terms of adaptation, it is also important to question the functionality of the
PPA’s constructs. The detailed assumptions of the functionality of various PPA

constructs would be explored in area F.

3.5. AreaD: Basic assumptions within data usage

Figure 3.8 Area D: Basic assumptions within data usage

The fundamental assumption of this area is that forced choice (FC) data can be used in
various statistical methods. The FC format would generate data that lies somewhere
between ordinal and nominal. The nature of this data would lead to difficulty in the

selection of the correct statistical methods.

Due to the reason that IRT is not widely used in FC psychometrics, especially not with
Personal Profile Analysis, this study postulates that various models such as raw ICC,
the three-parameter logistic model and interpretation, GRM (Samejima, 1999), KTB,
FCMCQ and plotting methods are applicable for PPA.
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3.5.1 AreaD.1: Is PPA forced choice format nominal or ordinal and what
parameter estimation method should be used?

Various bodies of literature suggest that in order to interpret item response results, a
particular parameter estimation method should be used to estimate parameters. For
ordinal or nominal tests, it is suggested that the GRM be applied (Samejima, 1999).
However, this model was designed for Likert scale items, which makes it questionable

when applied to FC items.

The PPA items have some similarities to the ordinal (Likert) format, so that an ordinal
rating can be given to the four items in a tetrad. This means that ‘M’, ‘L’, and ‘blank’
can be treated as an ordinal response per ‘descriptive word’. However, the PPA’s FC
ordinal interpretation is an assumption, and as such it is questionable because all the

‘descriptive words’ within one item group (tetrad) are not mutually exclusive.

The non-mutually exclusive condition implies that if a candidate selects an item with a
tetrad as ‘M/L’, there would be no possibility of he/she also selecting another item as
‘M/L’. This condition is largely different from that applying in the common ordinal Likert

measurement situation (Hendrickson, Undated/1958).

Such a relationship can be summarised in a typical statistical combination of
4!

.P, =————=12 (choosing two words within four options, when the order of selection
(4 — 2)!

counts as difference). The total options would be 12 (possible combinations of each
tetrad) x 24 (number of tetrads within the PPA) = 288 (different types of response).
Such a result format is very different from a normal Likert tool. In the common Likert
approach three (the three selection ranges for PPA item, M/blank/L) ordinal responses

would typically be required. With 96 items (total number of PPA items is 96), the

possible combinations would be 3% for Likert items, which is much more than

corresponding range for the FC questions (i.e. 288).
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Also, FC results should be considered nominal instead of ordinal. This is because
none of the responses have an ordinal relationship with each other (i.e. MDLS-most D
least S, MSLI, MILD, has no ordinal relationship with each other) (Hendrickson, 1983).

This raises the question as to whether a researcher should consider the FC scale as
ordinal or nominal? The answer is ‘both’. This study is based on the following

assumptions.

e When the scale is considered ordinal, the researcher can investigate the

functionality per ‘word’ within a tetrad.

e When the scale is considered nominal, the researcher can investigate the

functionality of the ‘tetrad.’

In terms of ordinal, PPA’s 24 item sets would be break into 96 separated ordinal items.
The response would be coded as Most (M)= 3, Blank= 2, Least (L)= 1. This would
enable the researcher to investigate how each ‘word’ functions with its item set (tetrad).
The RICC (Raw ltem Characteristic Curve), CPE (Correlation Parameter estimation
method), GRM (General Response method), and KTB (Kandal’'s Tau B) would accept

this assumption and process the FC data as ordinal data.

In terms of nominal, the 12 possible combination results from each item set would each
be treated as 12 nominal responses; similar to multiple choice responses. They are
treated as nominal due to reason that none of options is higher in strength than one
another. The forced-choice to multiple-choice question (FCMCQ) flattening method
would follow this assumption and process the FC data as nominal data. This enables
the researcher to investigate which combinations are ‘over popular’ or ‘over unpopular’.
Following this assumption the researcher is able to investigate the dynamic relationship

within the tetrad.
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3.6. AreaE: Basic assumption within data interpretation

Figure 3.9 Area E: Basic assumption within data interpretation

Many assumptions are made in this area. The basic assumption is that all the data
generated via current statistical methods can be interpreted meaningfully. The
assumptions are made that these results reflect most to the treatment but not the
instability nature of statistical methods or culture/historical effect from the sample group
(see E.1, E.2).

The sub-assumptions are definitions of success and problematic responses. The
success responses such as assuming the positive relationship between per-
assignment construct (PAC) and item expressed construct (IEC) can be defined as
success results (see E3). On the other hand, under what types of result would this

research define that the results are problematic, or contaminated? (See E.4, E.5).

e Area E.1: IRT can be used to interpret cross-cultural psychometrics.

IRT can be used in an international setting. It assumed that local independence can

also act as the benchmarking device to examine item functionality.
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e Area E.2: Raw ICC can be used to explain multi-dimensional constructs of PPA.

The current study assumes that RICC, GRM, FCMCQ, and KTB can be interpreted

meaningfully in the context of an FC instrument.

o Area E.3: Positive relationship between PAC and IEC could be defined as Positive
ICC

This study applied item response theory to investigate the item expressed construct
(IEC). IEC is operationalised as the ‘true construct’ that such an item ‘expressed’ when
placed within a tetrad. This study postulates that if an item functions according to its
PAC it should generate a positive ICC when defining the PAC as the ‘ability’. This
means that, if such an item functions according to its PAC, the probability of using such

item should increase when the construct score (PAC) increases.

e Area E.4: If an item does not demonstrate complete synchronicity between PAC

and |IEC, such a tetrad is contaminated.

In terms of IRT, it is operationalised that if an item demonstrates a positive ICC towards

constructs other than its PAC, such an item is defined as ‘contaminated’ (see below).

e Area E.5: Forced choice item group ‘cross contamination’.

Table 3.2 Example of per assigned construct (PAC) within PPA system tetrad 02

| Attractive C Dutiful D Stubborn Lo S |Pleasant

This section introduces the possible cause of contamination in PPA items. However,
various explanations of causality are not fully investigated, and can only be treated as
assumptions. It is assumed that the dysfunction of one item within a tetrad leads to
dysfunction of the entire tetrad. This study operationalised this phenomenon as

contamination (defined in E.4).
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This study postulates three types of contamination: un-popular, over-popular, and
vague items. The following section illustrates three aspects via PPA tetrad 02 (see
Table 3.2).

Type 01: Un-popularity, for example; due to the un-popularity of the term ‘stubborn’ the
probability of marking this item as ‘M’ would be distributed to three other items. In IEC,
one could observe that other items are loaded with ‘D’ constructs distributed by the
term ‘stubborn’. In IEC, ‘Attractive’ would be ID instead of I, ‘Dutiful’ would be CD

instead of C, and ‘Pleasant’ would be SD instead of S (see Figure 3.10).

Vice versa, the ‘unpopular’ item would also ‘attract’ all the negative response, the ‘L
(least)’ response to itself. When examining the distribution of ‘L’, the probability of

other items been marked as ‘L’ would be attracted to the item ‘Stubborn’.

( Unpopular

2 BR3|H 1 attractive D 2lsas ¢ dutiful @z D stubborn STAZE® low S pleasant D

Figure 3.10 Type one contaminations: Unpopular items

Note: The probability of marking this item ‘stubborn’ as ‘M’ would be distributed to three other items.

Type 02: The over-popularity of an item within a tetrad could also be a potential cause
of contamination. Over-popular items could attract responses from other items within
the same tetrad, which can be observed by mixing the constructs. Due to the
popularity of the term ‘dutiful’, the probability of marking this item as ‘M’ would be
attracted from three other items. In IEC, one should observe that item C is loaded with
constructs from the other items, there the IEC of the term ‘dutiful’ would become from C
to ICDS. (see Figure 3.11).
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Popular(

2 AR35|7 1 attractive D ZWEEE ¢ dutiful {@s@ D stubborn SIAZE#E: 1ow § pleasant D

Figure 3.11Type two contaminations: Popular items

Note: The over-popular term ‘dutiful’ increases the probability of that item would be marked as ‘M’ over the
three other items.

Type 03: Would be due to a vague item, a contaminated implication that leads to
differentiation between IEC and PAC. When an item actually has the implication of
other constructa it would also attract the relating construct. In IEC, the term ‘dutiful’
should mean C only. However, it also has an S connotation. Therefore the IEC of the
item would be CS instead of S (see Figure 3.12). The ‘mixing construct’ occurs due to
the reason that items existed exclusively within one construct as the researcher
intended. Some items and constructs have more than one construct implication. This
occurs quite often, such as many of the S items can have a C implication, and many of

| item could have a D implication.

Citem also
has S implication

2 AR5 1 attractive D ZEsasE ¢ dutiful @@ D stubborn SIAE#E 10w § pleasant D

Figure 3.12 Type two contaminations: Vague items

Note: The term ‘dutiful’ should mean C only. However, it also has an S connotation. Therefore the IEC of
the item would be CS instead of S.

The cause for contamination is complex. It could stem from the fact that the item
cannot be interpreted in terms of its original construct (PAC) in the new culture. It
could also stem from the fact that other items within that tetrad are not functioning
correctly. The current study does not try to answer the question of how it originates,

but simply attempts to provide an indication of the existence of ‘contamination’.
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3.7. AreaF: Basic assumption within construct functioning

Construct
Function

Figure 3.13 Area F: Basic assumption within construct functioning

This research is conducted based on the assumption that various PPA constructs still
exist and are partially functioning within the current Chinese culture. The current
Chinese trial version (A251 and C7) is a direct translation from the original item. These
lead to the question of the functionality of the translated version. This paper assumes
that this form is ‘partially’ functional and uses this trial version (A251 and C7) to collect

the necessary information to create the better version.

3.7.1 AreaF: Chinese PPA PAC, do they work?

The original items were constructed based on a USA sample in 1958. The Chinese
trial version (A251 and C7) adopts a similar PAC structure in the translation. The old
form (A251 and C7) text and PAC are (see Table 3.3).
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Table 3.3 Pre-assigned construct (PAC) of Personality Profile Analysis (PPA)-
Chinese (old version A251 and C7) (Hendrickson, Undated/1958)

Tetrad . : . .
PAC Chln_ese PAC Chm_ese PAC Chln_ese PAC Chmgse
Order terminology terminology terminology terminology
! S A HI e T3 T (R = LoD |i#dr==5 7 [
2 I 'rﬁ * C RS D IR LoS PEHx| &
3 LoC |pHpE D Py His |ffifd E%ﬁ | b s e
4 HiC  |FV] S FVEII S LoD [FpEGE T | ERif
5 Lol ?Eﬁf’rﬁ“@ C B VAR LoD |%[¥EEl S T A
6 D FE P S PRSI - Lol |ljBe 1@ LoC | T #BEH
7 LoC |EFH Hi S difes D 145 | BEES
8 HiD |[Fpzesse Hil WP - LoS [Hdugr- LoC |
9 I [ S i D Tt pr 2 HiC %zﬁg,ig A
10 D P e Hi C CERE v r&tf‘, Lol |Fo# S e
11 [ = AIRAEY Lo C [H i/ 5K D [BHifNEr
12 Lol | 7eem D Eigt gy Hi C | E= S | iR
13 HID |FE s |l FHELLE S B BLF[F | LoC |1 #i&
Pl E =1 A o u_’xq ﬁ“ o . .ot =
14 C il Hi D Efluxlé’réi I Elc ,;ﬁgégﬁ Hi S |4t E:ﬁ%ﬁ
15 HiS @& > |no(l) |91 c L LoD [¢]fi5
R Y &
16 HIT R LoS  |Eflslff= LoC Qﬁr’m I
~FL
17 Hi C ’%%9’:7/\@7: ! S GE S~ g; Lol iﬁ@z D ok [T
18 Hi | fif B PE Hi S £b A Lo C |ififs * D TRV 5
19 HiC  |[ArEi - D e I ““Qiﬁﬁﬂ%@?@' S TEIE
20 P i HiC e Los |RE | | BEsR
21 ST it los | D |PEew o [T
2 g AT | E
22 [ D LoC  [E-HE D |WTRi s FiTE R J5
23 I ELAE Hi C EAsERgE D FFPR LoS |l vim 1 &
> TR =
24 |p e s o & C IR TRE o e
I~ J\*\[

Note: Hi — items are only scored when items are marked as ‘M’; Lo — items are only scored when items are
marked as ‘L.
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3.7.2 Area F: Problems of Chinese translation

The current Chinese trial version (A251 and C7) is a direct translation from the original
item. However, such a translation process presents several serious issues. Firstly,
although the items are translated according to the original English items and constructs,

there is no guarantee that such items would function according to the same PAC.

Secondly, the Chinese Trial PPA’s response frequencies have not been researched. It
is therefore quite possible that some items with the Hi-Lo marker within a tetrad are no
longer functioning appropriately. Thirdly, the tetrads’ combinations and their effects
have not been researched. Because items are grouped into tetrads, dysfunction of one

term within a tetrad could jeopardise the functionality of the tetrad completely.

3.7.3 AreaF: 3.5 PPA and cultural difference in item perception

Original IRT theory claims that its algorithm is ‘sample-free (local independence)
(Wright & Douglas, 1977). It assumes that the descriptors of test items are
independent of the sample (Hambleton & Swaminathan, 1985). The item parameters
should remain the same despite different sample groups (Hambleton, 1983; Hambleton
& Swaminathan, 1985; Yu, 2002).

This study expanded on this postulate and claims that such a relationship could also
exist in cross-cultural conditions. However, this study does not follow Wright and
Douglas’s (1977) claim that IRT is completely ‘sample—free’. In this study it is assumed

that item bias does occur.

Similar to the Rasch’s model, in this study it is assumed that IRT can be used as a
golden standard to explore the possible interpretation and functionality within cross
cultural applications (as cited by Mellenbergh, 1989). Further, it is assumed that the
difference between Part | and Part Il can be attributed to the amendments made by the
researcher, rather than a difference in samples, due to the reason that Part | and Part ||

used different sample groups.
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CHAPTER 4.

4.1.

The study reported in this dissertation comprises two parts.

procedures. After collection, the data were cleaned and analysed via CTT, IRT and
some experimental statistics. The research results of Part | were used to create an

amended form. This form was sent to China for Part Il of the research and to collect

another sample of 307 (see Figure 4.1).

for comparison with the previous results. The final product of this study is a PPA-IRT

METHOD

Research procedure overview

It went through the same statistical analysis

research protocol that can be used for future research.

< L

‘ Final Result: Establish of PPA-IRT research protocol ‘

Figure 4.1 Research and statistical process

82

Part (N=650)
Original
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CPPA25 C%l)le%tlo N=650 capturing
CPPAC7| | 20042007
|
‘ Data cleaning (initial analysis) Y ‘ *Data Analysis
. v/ Cronbach’s alpha
‘ Data analySIS* M ‘ ‘ CTT Correlation analysis
; ) & Ttem Difficulty (P)
‘ Result: Creation of amended form ‘ Discrimination Index (D)
] Raw data _ [-{RICC
IRT CPE (3PL) H 1CC -
Part I1 (N=307) MMLE __-{ GRM | IRCCC
TRCCC-S
[ KTB ]
Amended e ental FCKNTIEQ TIE
Lo co?l?c:[t?on Sample Data
- N=307 capturing *Statistical analysis detail for both parts of research
CPPALV2 (2007~2008)
Data cleaning (initial analysis) v
‘ Data analysis* ‘

Part | used the old
Chinese PPA form to collect 650 samples. All data were collected via standardised




4.2. Psychometric administration and procedures

All the Thomas International psychometric instruments are administered in a
standardised procedure. Clients are given a consent form to sign before testing,
requesting the client's agreement that the material will be used for research purposes.

All materials are kept confidential.

The client is then given an introduction to PPA. This involves aspects such as that all
item sets need to be assigned only one M (most) and one L (least), and that the clients
need to select the terms that apply to them the ‘most’ when they are facing a difficulty
of choice. The administrator also explains that there are no right or wrong answers,
nor are there time limits for completing the PPA. The written instructions further advise
clients to answer the questions as if they are in a working situation. The assessment

normally takes 10-15 minutes.

After completion, the administrator rechecks the form for mistakes or missing
responses. If any are found, the form is returned to the client for amendment. The
result is scored using the Thomas International software package. The system
generates the text report in a PDF format. A report is sent to the client, along with

verbal feedback from Thomas International psychologists.

4.3. Participants

43.1 Partl

The current sample (n=650) was collected from Beijing Martinsen Training &
Consulting Co., Ltd., in the Beijing Office, 1F7< [ 5 K& A J& 251 (Form CPPA25 series)
and A3 X 4015 B C #%: 7 /2 (Form CPPACY7 series); the data is dated between 2004-

2007. Within this study, the researchers had n=373 CPPA25 series forms, and n=390
CPPACY (see Tables 4.1, 4.2, 4.3).
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For the purposes of avoiding contamination from external variables, the English Form
(a direct back translation from Chinese CPPA25/C7 to English, n=212) was excluded
from this study. After excluding problematic forms and duplication, the final sample
size was 650. For the purposes of this study, the sample size (n=650) exceeds the

rule of thumb (Henry, 1990) at the ratio of 5 participants to one item (96x5=480).

43.1.1 Participant description

The majority of the participants were male (49.7%) (see Table 4.1). However,
educational details are unclear because the old form did not request participants to
specify this information (94.5% unmarked) (see Table 4.2). Most of the candidates are
from middle management (35.2%), followed by sales (19.8%), and office related
professions (6.5%) (see Table 4.3).

medical related fields (22.5%), mostly from a well-known international medical product

The majority are from business (22.6%) and

sales department (see Table 4.5). Also, 60 participants (9.2%) are from the human
resource field. In terms of ethnicity, this is a relatively homogenous group, in which all
individuals are Eastern Asian, and belong to the Chinese language group. However,

differences between dialects are unspecified via the current biographical form.
4.3.1.2

Sampling frame: original form

Table 4.1 Gender demography of Part | (Original form: A251 & C7)

Valid
Frequency | Percent Percent Cumulative Percent
Valid Missing 60 9.2 9.2 9.2
Female 267 411 411 50.3
Male 323 49.7 49.7 100.0
Total 650 100.0 100.0
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Table 4.2 Education demography of Part | (Original form: A251 & C7)

Valid Cumulative
Frequency | Percent Percent Percent

Valid Unspecified 614 94.5 94.5 94.5

Diploma *ﬁ! 3 5 5 94.9

Degree 24 &| 27 4.2 4.2 99.1

Master or above

i R 6 9 9 100.0

Total 650 100.0 100.0

Table 4.3 Current/ last position demography of Part | (Original form: A25I & C7)

Valid Cumulative
Frequency | Percent Percent Percent
Valid Unspecified 221 34.0 34.0 34.0

Hlvet=
Middle management 229 35.2 352 69.2
SRS Y 5 8 8 70.0
Executive management ’ ' ’
¥~
Technical Specialist 19 2.9 29 729

¢ FSES
s 129 19.8 19.8 92.8
Sales
=
o 1 2 2 92.9
Student
B ELAE (R - ES

HIEATE " f 42 6.5 6.5 99.4
Office related
o

AU y 4 6 6 100.0
Consulting position
Total 650 100.0 100.0
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Table 4.4 Current/ involvement with human resource field, demography of Part |
(original form: A251 & C7)

Cumulative
Frequency Percent Valid Percent Percent
Valid No 590 90.8 90.8 90.8
Yes 60 9.2 9.2 100.0
Total 650 100.0 100.0

Table 4.5 Professional field demography of Part | (Original form: A251 & C7)

Valid Cumulative
Frequency | Percent Percent Percent
Valid | Unspecified 157 24.2 24.2 242

S KE
i 2 3 3 245
Legal related
D[ N LTI Y

I B %"?ﬁ 2 3 3 24.8
Culture or entertainment
of R SR RSN
I~ 7~ AR Bnergy 4 6 6 25.4
related
—@ﬁ' N QE—’ i v

o - X 3 5 5 25.8
Transportation
LA~ BUEY ~ SRy
SH B R 51 78 7.8 337
Financial, insurance, and Estate
1 ;E‘ I/
B 7 1.1 1.1 34.8
Architectural
B[ i

IP= ik 6 9 9 357
Education or research
S~ BTR)
KR 147 226 226 58.3
Business and trade
%gjé*ﬁg?’?f'% , 1 2 2 58.5
Media and Advertising
NI SRR RN
R BRI 35 5.4 5.4 63.8
Business Consulting
L A | F 3
&ﬁ“ﬁhﬁ.\[ e 1 5 5 64.0
Framing
%ﬁgi&?lﬁ?i
Technology, Information 82 126 12.6 76.6
technology, and Computer
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Valid Cumulative

Frequency | Percent Percent Percent
related.
HLp 5 8 8 774
Factory
Fﬁ} 146 22.5 22,5 99.8
Medical related
Wi A e
I F-E R 1 2 2 100.0
Governmental
Total 650 100.0 100.0

Test administered date: 01 APR 2004 ~ 01 NOV 2007

4.3.2 Partll

The second part of the sample was also collected from the Beijing office of Martinsen
Training & Consulting Co., Ltd., from November 2007 to May 2008. This study used
the amended form CPPA-LV2. This sample size is 307, which is smaller than the 480
sampling benchmark (Henry, 1990). Part Il is used for comparison with the Part |

results.

4.3.2.1 Participant description

The sample size of the second part is 307 participants. The relevant research was
conducted from 03 November 2007 up to 20 May 2008. The majority of the sample is
also male (60.3%) (see Table 4.6). In contrast with the first form, the second form
included the education biographical entry. This sample group is composed of higher
educational groups, ranging from diploma holders (4.9%), university degree holders
(26.1%) to Master’s or above (16.3%) (see Table 4.7). The majority of the sample are
from middle management (22.5%), followed by office related professions (7.2%),

technical specialists (5.9%), and business consultants (4.2%) (see Table 4.8).

Eleven point seven percent (11.7%) of the participants work in human resource related
fields (see Table 4.9). In terms of job categories, the majority came from financial,

insurance, and real estate fields (29%), followed by technology, information technology,
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and computer related fields (20.5%), and education or research fields (11.1%) (see

Table 4.10). This is also an homogenous group; all of the individuals are Eastern

Asian, and belong to the Chinese language group. However, the difference between

dialects is unspecified in the current biographical form.

4.3.2.2 Sampling frame: LV2 form

Table 4.6 Gender demography of Part 1l (LV2 form)

Cumulative
Frequency Percent Valid Percent Percent

Valid Missing 3 1.0 1.0 1.0

Female 119 38.8 38.8 39.7

Male 185 60.3 60.3 100.0

Total 307 100.0 100.0
Table 4.7 Education demography of Part Il (LV2 form)

Valid Cumulative
Frequency | Percent Percent Percent

Valid Unspecified 160 52.1 52.1 52.1

Junior High ¥/f[1 1 3 3 52.4

Senior High 1 1 3 3 52.7

Diploma J\EJJ 15 4.9 4.9 57.6

Degree 24 &| 80 26.1 26.1 83.7

Master or above

ﬁEi Wl k- 50 16.3 16.3 100.0

Total 307 100.0 100.0
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Table 4.8 Current/ last position demography of Part Il (LV2 form)

Frequen Percen | Valid Cumulative
cy t Percent Percent
ga" Unspecified 170 55.4 55.4 55.4
FlVe= a7
Middle management 69 22:5 22:5 7.9
"= l,leL\ P S
g f'JFJF A= 4 1.3 1.3 79.2
Executive management
J 375 IS
x| 4 1.3 1.3 80.5
Service
SUREAT, 0 SR
1S EII
P 2 T 7 81.1
Blue-collar (operational, produced,
assembling, and logistic)
j s IS
%Hiﬁ.ﬂ H - 18 5.9 5.9 87.0
Technical specialist
£59
i 5 16 16 88.6
Sales
B ELAE(RE S BN/
PR 22 7.2 7.2 95.8
Office related
o
il . 13 4.2 4.2 100.0
Business consulting
Total 307 100.0 100.0

Table 4.9 Current/ involvement with human resource field, demography of Part Il

(Lv2 form)
Cumulative
Frequency Percent Valid Percent Percent
Valid No 271 88.3 88.3 88.3
Yes 36 11.7 11.7 100.0
Total 307 100.0 100.0
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Table 4.10 Professional field demography of Part Il (LV2 form)

Valid Cumulative
Frequency | Percent | Percent | Percent

Valid | Unspecified 87 28.3 28.3 28.3
S Nk
Culture or entertainment 1 3 3 28.7
L) R 1 3 3 29.0
Transportation ' ’ ’
FPE
Other 2 7 7 29.6
LR IR R 89 29.0 29.0 58.6

Financial, insurance, and estate

RIFE 50 K

Education or research 34 11.1 11.1 69.7
T B

Business and trade 11 3.6 3.6 73.3
IR ¢ 1 3 s Tae
Mining . . .
LatIIES e R

Media and Advertising L 3 3 73.9
S ?ﬁ;:@qﬁ;’%i/ 4 1.3 1.3 75.2

Business Consulting

HRE=ITS%
Technology, Information technology, and | 63 20.5 20.5 95.8
Computer related

Ha¥ 7 2.3 2.3 98.0
Factory

Al l,—r—' e =2

il 6 2.0 2.0 100.0
Governmental

Total 307 100.0 100.0

Test administered date. 03 NOV 2007 ~ 20 MAY 2008

4.4. Materials, process, and analysis method in detail

4.4.1 Partland Il: Data capturing

The sample was collected through a standard psychometric administrative method of

applying PPA in the Beijing Area and the data were shipped to South Africa in paper
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form. Microsoft Access was used for data capturing, and the interface is designed by

the author for the PPA research specifically (see Figure 4.2, 4.3)

Note: An access data capturing interfaced is designed to standardise procedure

Figure 4.2 Access interface for data capturing

[LUHTUl

waeger fp [ pege

Figure 4.3 Data exported into excel then convert into SPSS

The author also adheres to the double-blind principle by letting two psychology master
research assistants (non-Chinese speaking) perform data capturing and data analysis.
The ‘data capturing masks’ (7 types of forms) are created by the author to avoid human

error. Also, random checking is applied to assure the accuracy of data.
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Table 4.11 Transparency mask to capture data

Mask detail
Form 2 Form 3 Form 4
| | [FORM 3]
AZ5|_1,25_0.C7_4,C7._2 g L ——— . ——
Diata capturing Masl - EeeTots DO x
For A251 & C7 For larger form For thin form

Note: Forms are used to ensure the quality of the data

4.4.2 Double-blind: Capturing and analysis

Two psychology master research assistants (non-Chinese speaking) performed data
capturing and data analysis. The ‘data capturing masks’ (7 types of forms, see Tables
4.12, 4.13, 4.14) are created by the author to avoid human error. The standardised
procedures are as follows. use the capturing mask (form 2, 3, 4, see Table 4.11 above)
to capture Chinese PPA forms (A251_1, A251 2, A251 3, C7_1, C7_2, C7_3, 25, A25,
and others) in the Microsoft Access database. Access database then exported into
Microsoft Excel spreadsheet and later converted into the SPSS database for analysis
(see Figures 4.2, 4.3). In addition, the statistical equivalence of eight different forms

has been tested through analysis of variance and various post hoc tests. The numbers

of data received from each form are reported in Table 4.15.
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Table 4.12 Forms used by Chinese office — A25

Detail: data capturing form: Thumbnails for types of form

Form Sub forms

A251 Azal ] #esl 2

T

Computerized form

Original form Phbtocopy
N=121 N=82 N=41

Table 4.13 Forms used by Chinese office — C7

Detail: data capturing form: Thumbnails for types of form

Form Sub forms

04 2 €7 3

PPA thaE s

T &7 1

) S—

PPATHA 1

L T e e

- |l

Original i‘orm Photocop_y " Computerized form
N=90

N=122 n=70
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Table 4.14 Forms used by Chinese office - 25

Detail: data capturing form: Thumbnails for types of form

Form Sub forms

A25 0 25 0

LHOYAS Wy PPA Tt

yyl: :};fl_'; PPA et

mENSy v
:

Photocopy Computerized form
N=T76 N=34

Table 4.15 Test form in this study

Test form number Total
0 1 2 3
Test Unspecified 0 0 0 11 11
Form
25 34 0 0 3 37
A25 76 0 0 0 76
A25I| 0 121 82 41 244
Cc7 0 122 70 90 282
Total 110 243 152 145 650
4.4.3 Equivalence of forms

Although all forms are textually equivalent, they are administered under different

conditions (paper or Excel form), and a ‘between subjects’ ANOVA with PPA constructs

as dependent variable and types of forms as an independent variable was therefore




conducted. Hochberg’s homogenous sub-test was used due to the unequal sample

sizes.

The CI and CIl constructs showed minor differences among different forms, CI: F (8,
641) = 2.443, p=.013; Cll: F(8, 641) = 2.532, p=.010 (see Table 4.16, on the next page).

However, no such differences were shown in the homogeneous sub-test (see Tables
4.17, 4.18). Only the CII constructs showed relatively lower scores for the C7-3 form
on C (see Table 4.18). This might be due to the fact that the C7-3 form was mainly
administered to respondents from the sales department of a pharmaceutical company.
The researcher therefore cannot reject the null hypothesis, which states no one form is

different from one another significantly.
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Table 4.16 One-way ANOVA comparison of PPA constructs between different

forms
Sum of Mean
Squares df Square F Sig.

Dlin Between 292 8 037 1.255 265
percentage Groups

Within Groups 18.653 641 .029

Total 18.945 649
Il 'in percentage | Between

Groups .618 8 .077 1.870 .062

Within Groups 26.501 641 .041

Total 27.120 649
Slin Between 77 8 022 998 436
percentage Groups

Within Groups 14.248 641 .022

Total 14.425 649
Clin Between 664 8 083 2.443 013*
percentage Groups

Within Groups 21.783 641 .034

Total 22.448 649
Dilin Between 196 8 024 1.371 206
percentage Groups

Within Groups 11.435 641 .018

Total 11.630 649
Il in percentage | Between

Groups .282 8 .035 .866 .545

Within Groups 26.103 641 .041

Total 26.385 649
Sllin Between 120 8 015 579 796
percentage Groups

Within Groups 16.667 641 .026

Total 16.788 649
Cllin Between 402 8 050 2.532 010*
percentage Groups

Within Groups 12.731 641 .020

Total 13.133 649
D in percentage | Between

Groups .169 8 .021 1.210 .290

Within Groups 11.202 641 .017

Total 11.371 649
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Sum of Mean
Squares df Square F Sig.
lin percentage g‘?gﬁgg“ 365 8 046 1.387 199
Within Groups 21.073 641 .033
Total 21.438 649
S in percentage | Between 128 8 016 669 719
Groups
Within Groups 15.298 641 .024
Total 15.426 649
C in percentage | Between 136 8 017 900 516
Groups
Within Groups 12.120 641 .019
Total 12.256 649
**The ANOVA is significant in <0.05 level
Table 4.17 Homogenous sub test: Cl in percentage
Subset for Alpha
PPA form types N =.05
1
Hochberg (a,b) A25-0 76 4706
C7-1 122 4930
A25]-2 82 4953
A25I-1 121 .5056
C7-2 70 .5196
A251-3 41 .5203
C7-3 90 .5681
Others 14 5712
25-0 34 5727
Sig. .239

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 46.767.

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not

guaranteed.
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Table 4.18 Homogenous sub test: Cll in percentage

PPA form types | N Subset for Alpha =.05
1 2
Hochberg (a,b) C7-3 90 4985

C7-2 70 .5329 .5329
C7-1 122 .5485 .5485
A25|-3 41 .5544 .5544
25-0 34 .5576 .5576
A25]-1 121 .5656 .5656
A25-0 76 .5670 .5670
A25]-2 82 5702 5702
Others 14 .6128
Sig. 399 .203

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 46.767.

b The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not
guaranteed.

4.5. Forced choice question item analysis

4.5.1 Internal Consistency, Cronbach’s Alpha

Cronbach’s Alpha was used to explore the internal consistency of the various forms.
The FC result was converted to ordinal scales for reliability of statistics. This analysis
was conducted under the preconception that the method may not be easily applicable
to the forced choice scale. The aim was to explore the rationale behind the failure of
internal consistency in FC, and to use it as a framework to explain the possible threats
within the other classical test theory (CTT) methods in forced choice (FC)

psychometrics, specifically for the PPA.
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Cronbach’s Alpha is potentially problematic in forced choice psychometrics (Baron,
1996; Bartram, 2007; Hicks, 1970; Martinussen, Richardsen, & Varum, 2001; McCloy,
Heggestad, & Reeve, 2005). Baron (1996) argues that forced choice items could result

in extremely high, as well as low, reliability.

The extreme nature of Alpha is due to the unavoidable odd or artificial correlation found
among FC items. In the Likert form, t four mutually exclusive sub-items would provide
three possible options (‘Most’, ‘Least”, and ‘Blank’). This setting gives each option a
probability of being selected as ‘M’ or ‘L’ of exactly 33.3333% (1/3), and if all four items

are used, there is a total selection combination of 3*=81.

In contrast, in the FC format, the probability of such selection would be changed (2
items within the set would be left out, and the total combinations would be
41

Moreover, there would be an equal probability of 25% (3/12) of being selected as the
‘Most’ item in the tetrad, as well as a 25% (3/12) probability of being selected as the
‘Least’ item. This would leave exactly a 50% (6/12) probability of being left out as a
blank item. This structured probability would lead to inaccurate (or uninterpretable
results of Cronbach’s Alpha (Brown & Harvey, 2003; Martinussen et al., 2001; Yu,
2008).

The other important reason that FC item sets function differently from the Likert scale is
because all sub items within an item group (namely tetrad) would compete for selection
with one another, resulting in item dynamics. Items within a group would compete for
their popularity and the winning item would be selected, while the others would be

ignored.

In terms of the PPA, this would mean that some items would be more likely to be
marked as ‘M’ (Most), and some items would be relatively more likely to be marked as
‘L’ (Least). Thus even when four items have equal ‘popularity’ in a Likert-scale

research study, it would be a different story when they are placed within an FC tetrad.
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Furthermore, as is the case with most of the psychometric factors, the item dynamics

are also under the influence of cultural and historical effects.

In short, due to the effect of artificial correlation and item dynamics, an internal
consistency statistic such as Cronbach’s Alpha, is not appropriate for FC

psychometrics. This point can be illustrated mathematically.
4.5.2 Internal consistency: Mathematical expression.

Cronbach’s Alpha in SPSS is a raw form of Cronbach’s Alpha which is defined as
(UCLA.ATS, 2006; Yu, 2008).

0[:( N j{l—Zi_lzaYiJ (4_1)
N-1 Oy

N = Number of components

oo = Variance of each item

o, = Variance of the observed total test scores

In the raw form of Cronbach’s Alpha, reliability is measured in terms of the ratio of true
score variance (variance of the observed total test score) to observed score variance
(variance of the component i) (Yu, 2008). Yu (2008) also explains that raw Cronbach’s
Alpha is a measurement of item correlation. The stronger the items are interrelated,

the more likely the test is to be consistent.

However, this would make FC psychometric unsuitable for Cronbach’s Alpha. An FC
item’s response is influenced by item dynamics and artificial correlation making the

fundamental element of correlation, covariance also atrtificial.
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This implies that the covariance results from pre-structured item dynamics and artificial
correlations, but not via the constructs. In other words, a FC psychometric does not
need a functional construct to create an ‘internal consistent’ (or reliable) construct,
which poses a threat to the use of internal consistency as the evaluating standard in

FC psychometrics.

Mathematically, o7 = o2, is not only a function of the item variance. According to

(Thompson, 2003), ¢7,, can be expressed as following.
Orom = 0,04 +| D COVy (for i<j)*2] (4-2)
o2 .., = Sum of all item variance and covariance = variance of total score

Thompson (2003) suggested that the fundamental element of the correlation formula is
COVv.

T, = Yo cov,, =r,(o,0,) (4-3)

The formulae (4-2, 4-3) indicate that both Cronbach’s Alpha and correlation share COV
(covariance). Thompson (2003) further suggests that the raw form of Cronbach’s
Alpha cannot operate with low correlation, and that high item correlation would also

lead to high Alpha coefficients.

45.3 Construct correlation

Pearson’s product moment coefficient ( o, | ) has been selected for correlation analysis

of the PPA sub constructs. The correlation analysis is not done on individual item
scores, but on the total scores of each construct. The total score is an ‘interval’

expression of the FC score. The final product of PPA is 12 constructs.
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These are DISC in Working mask, Pressure mask, and Self mask. The 12 constructs
are made by different sets of constructs and response types. Some constructs only
receive the reaction from the negative response, some only positive and some items

are shared.

Pearson’s Correlation is used to explore the relationship within the DISC construct
within and across three masks. However, these results should be cautiously

interpreted in the light of the issues of item dynamics and artificial correlation.

4.5.4 Item difficulty (P) and item discrimination index (D)

Classical Test Theory item analysis was conducted using (Yu, 2002) software TESTER

for Windows 2.0. The summary of the outcome is presented below.

4541 Item difficulty index (P) (popularity index)

The difficulty index (P) is defined as the difficulty of the item. The P value ranges from
1 to 0. A large P value means that the test is easy and most respondents would
answer it correctly. Alternatively, when the value is approaching 0, it means the item is
very difficult (Allen & Yen, 1979; Yu, 2002).

Because the PPA is not a cognitive test, the idea of ‘difficulty’ is not applicable, and the
index is therefore operationalised as ‘popularity’ in an affective test. A higher value
would imply that an item is ‘socially popular and vice versa for low values. Past
researchers suggest that values of .40-.70 would be acceptable (Ahmanan & Glock,
1981). Some also suggested .40-.80 as standard for multiple choices, and .55-.85 for
true-false questions (Chase, 1978). As a rule of thumb, Yu (2008) suggests the
benchmark for (P) is 0.5 meaning that at least half of the respondents would answer it

correctly.

Due to the reason that the selection probability of the item is 0.25 (3/12) (refer to the

Cronbach’s Alpha section for detail).
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This would make PPA FC more similar to the multiple-choice format than a true and
false choice format. Therefore, this study does not use the common 0.5, but uses

Chase’s (1978) 0.4 as P value’s benchmark instead., as shown below.

Mathematical definition of (P) (Yu, 2002).

P_:PiH+PiL

Average probability of higher group and lower group
i=12,..,n ltem

R i
P, =—" Probability of correctness of higher group (first quartile) on item i
iH

R, .
P, =—% Probability of correctness of lower group (fourth quartile) on item i
iL

45.4.2 Item discrimination index (D)

The item discrimination index (D) is measured by the difference between probability of
the high group (first quartile) and the low group (fourth quartile). The larger the gap

between the two, the higher the discrimination ability of the item.

Various definitions of ‘high’ and ‘low’ have been given by researchers. Some use the
top 27% as the high group (Sim & Rasiah, 2006), while others define the first quartile
(top 25%) as the high group (Yu, 2002). This study uses Yu’s (2008) 25% (first and
fourth quartile) model.

The discrimination index (D) ranges from +1.00 to -1.00 (see p. 105). A positive value
indicates that the high group achieved higher response rates than the lower group,

which is the correct condition. A negative D value means that some items appear to
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depict incorrect constructs, and that the low group had higher responses rate than the
high group.

The negative value is an indication that the item is associated with other constructs r
than the intended one (Yu, 2002).

Ebel and Frisbie (1991) suggest a standard for item discrimination index (D) (refer to
Table 4.19). Yu (2008) also suggests that the generally acceptable value for (D) is .25.
This study uses Yu'’s (2008) suggestion.

Table 4.19 Interpretation of item discrimination index (D) (Ebel & Frisbie, 1991)

Item Discrimination Index Interpretation

.40 or above Very good

.30~.39 Good, but adjustment needed
.20~.29 Acceptable, but adjustment needed
below .19 Poor, delete or adjustment

Mathematical definition of (D ) (Yu, 2002).

R .
P,, =—2 Indicates probability of correctness of higher group (first quartile) on item i
iH

R .
P, =—% Indicates probability of correctness of lower group (forth quartile) on item i
iL
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4.6. PPA DISC construct and scoring

46.1 PPA Three Masks

Graph | Graph I
Work Mask Behaviour under pressure
D S C D i S C

o ’ = P

|
]
I |
i |

o el

Figure 4.4 PPA Three Masks (Irvine, 2003)

Graph |l
Self Image
D i S C
| ’ T
| |
/A
2 1 2 -4

At the end of the PPA report, the DISC profiles are illustrated into three different

‘masks’. They are. ‘Work Mask’ (Graph | work mask, in the left), ‘Pressure Mask’

(Graph Il Behaviour Under pressure, in the middle), and ‘Self Mask’ (Graph Il Self

image, in the right) (see Figure 4.4).

The ‘Work Mask’ represents how individuals like to mask in order to be successful; this

is scored by the ‘M’ (most) mark. The ‘Pressure Mask’ represents the characters that

would still remain under pressure conditions; this is scored by the ‘L’ (least) mark. The
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‘Self Mask’ represents how individuals see themselves; it is scored by a combination of

the work and pressure masks (Hendrickson, Undated/1958).

All three masks illustrate the DISC information into line graphs. Dots that are above
the centre line are considered as ‘high’; when they are below the centre line, they are
considered as ‘low’. For example, see above in Graph ll; this individual’'s pressure
mask indicated high [, high D and high S, but low C. This represents that this individual
is more likely to remain a high | person, would acceptable D and S, but low C during
pressure condition. This profile is termed ISD (followed by the strength of the profile) in
Thomas system. All three masks contain DISC profiles. However, they should be
considered as three different types of DISC constructs. They are represented as.
Graph | work mask (DI, II, SlI, Cl), Graph Il Pressure mask (DI, Ill, Sll, CIl), and Graph
lll self image (D, I, S, C). The PPA system contains 12 constructs that were

contributed by three masks.

4.6.2 Scoring of DISC constructs with Hi Lo marker

PPA creates its raw score via ‘M’ and ‘L’ marked on each tetrad. If a D item is marked
M, one score would add to the D construct, and vice versa with other constructs. For
example, if a D item on tetrad 2 (Stubborn) was marked as ‘M’, the D-Work-mask

construct would add one raw score (see below).

2 I attractive D C dutiful D D stubborn M Lo-S pleasant D

Another example; if an |-item in tetrad 4 (Cheerful) was marked as ‘L’, the I-pressure-

mask profile would add one raw score (see below).

4 Hi-C open-minded D S obliging D Lo-D will power D I cheerful

However, not all marks are scored. Thus, an ‘M’ mark on ‘Lo- terms’ is not scored, and
an ‘L’ mark on ‘Hi-terms’ is also not scored. For example, marking ‘L’ on the tetrad 4,

item ‘Open minded’ (Hi-C) would not generate any score (see below).
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4 Hi-C open-minded S obliging D Lo-D will power D I cheerful D

Also, marking ‘M’ on tetrad 5, item ‘Jovial’ (Lo-I) would not generate any score either

(see below).

5 Lo-1I jovial C precise D Lo-D courageous D S even-tempered D

In tetrad 5, if an item that has no ‘Hi’ or ‘Lo’ scoring mark, such as ‘even-tempered’ (S)
in tetrad 5, would be scored on both ‘M’ and ‘L’. The ‘M’ marked items would be scored
in the ‘work mask’ construct. Alternatively, the ‘L’ marked item would be scored in

‘Pressure mask’ (see below).

5 Lo-I jovial D C precise D Lo-D courageous D S even-tempered M

5 Lo-1I jovial D C precise D Lo-D courageous D ) even-tempered

The pressure mask infers the characteristic that the respondent is willing to sacrifice, or
let go, during the pressure of a conflict condition. The raw responses are ranked in
percentiles. The final self mask is derived from the most mask raw score minus the
least mask raw score. Such raw scores are also ranked in percentile. Therefore, PPA
would have four constructs (DISC) in three masks (work, pressure, self), which is 12

constructs in total (see equation 4-6).

Pressure mask= X (Least g )
Work mask=3(Most . ) (4-6)
Self mask= X (Most s ) — X (Least,. )

In contrast to the traditional Likert-scale format, PPA measures an individual’s affective
traits via 96 items. It measures three types of responses (M, L, and blank) and scores
them separately, therefore PPA can be considered as three forms in one. The
following figure (4.5) summarises the possible information that can be extracted from
PPA.
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Figure 4.5 Possible information that can be extracted from PPA

The M (positive) responses can be defined as the image that individuals try to present
to themselves. Therefore it is termed as work mask. The L (negative) responses can
be defined as the image that individuals would prefer to retain within conflict situations,
and therefore termed as pressure mask. A blank result can have both positive and

negative implications, and is therefore considered as undefined.

4.7. PPA DISC interpretations

The PPA system uses the percentile rank as the aim of interpretation. Individuals who
generate a more than a 50 percentile rank would be considered as ‘High’ on this
specific construct. For example, high on DI (Dominance and Influence), low on SC
(Submission and Compliance). This would categorise as ‘DI’ profile in the Thomas

system. The system assigns profile explanations according to these profile categories.

4.8. IRT analysis, from basic to advanced methods

This study had gone through many different types of item response methods to find the
most suitable method for PPA force-choice items. One method is the raw item
characteristic curve (RICC) suggested by Allen and Yen (1979). RICC is a ‘simple
scatter-line graph’ using probability of selection (percentage) as the Y-axis. The 12

PPA construct scores is the X axis.
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The mathematical expression of RICC is.

X = cf,
N

1><100% ;Y =P(Ry) (4-7)

cf, =Cumulative frequency of all scores lower than the score of interest

N=Number of total sample size.

R, =Probability of the target response type of at particular point of percentile rank

The RICC results are later visually categorised in different groups. The following are

the examples of RICC.
4.8.1 Positive relationship

When an M item (Yellow Curve) is moving upwards, it is referred to as a ‘positive
relationship’ (see Figure 4.6). A positive relationship can be interpreted as an item that
is functioning within the target construct (PAC=PEC). Therefore, it is positively
discriminating amongst the respondents. When the respondents have a low percentile
rank in the target construct, it would be less likely for them to mark the target item as

‘M’, and more likely that they would mark such an item as ‘L’, or ‘blank’.

Alternatively when respondents obtain a higher percentile in the target construct, it
would be more likely for them to mark this item as ‘M’, and less likely to mark it as ‘L’ or
‘blank’. In this study it is assumed that if an item generates a positive relationship with
the target construct, the item is measuring the target construct, and that it provides an

appropriate scale for the target construct.
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Figure 4.6 Sample Raw Item Characteristic Curve of positive relationship

4.8.2 Negative relationship

When the ‘M’ item is moving downwards it is considered to represent a negative
relationship. A negative relationship is defined as an item that is negatively
discriminating against the target construct. In such a case, the item does not measure
the target construct, but seems to be measuring a different or opposite construct. This
case is defined as respondents demonstrating a low percentile rank on the target

construct. It is more likely that they would mark the targeting construct as ‘M’.

However, for respondents who are positioned in higher percentile rank of the target
construct, the probability of marking the item as ‘M’ decreases, and it would also be

more likely for them to mark the item as ‘L’ or ‘blank’ (see Figure 4.7).
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Negative Relationship
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Figure 4.7 Sample Raw Item Characteristic Curve of negative relationship

483 Litem

When an item demonstrates a high negative response pattern in both high and low
percentile ranks, it can be defined as an ‘L-item’. In such cases there is a high
negative response pattern overall. This phenomenon could arise for many reasons,
such as due to the general unpopularity of the item, unpopularity within the tetrad, or an

extreme or a vague item (see Figure 4.8).
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Figure 4.8 Sample Raw Item Characteristic Curve of L-item

4.8.3.1 L item as the ‘Hi’ item

Due to high response in ‘L’, this type of item is very close to the definition of ‘Hi’ item,
which means they are only scored when it is marked as ‘M’ (Irvine, 2003). The ‘L’
response would not be scored, due to the high occurrence of them. However, when a
‘Lo’ or normal item appears to be the L-item, some amendments of item or tetrad are
required (for more detail on the Hi and Lo marker in PPA scoring system, please see
4.6.2 and Chapter 3 Area A.2).

4.8.4 M-item

When an item is marked as ‘M’ (Most) by respondents in both high and low percentile
ranks, it is defined as an ‘M-item’. Such items have a high positive response pattern

overall (see Figure 4.9).
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This phenomenon could arise for many reasons, such as the general popularity of an

item within the culture, popularity within the tetrad, or a common/easy to use item in

current culture.

Figure 4.9 Sample Raw Item Characteristic Curve of M-item

“M”-item

Very likely to mark as M in current population
potentially leads to poor spreads for most items.
Item should be fixed.

——L

— 8 No mark PPA item ICC (Item Chracteristic Curve)

Mark for the item

0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000

D in mask |

48.4.1 M item as the ‘Lo’ item

This type of item is scored as a ‘Lo’ item, which means they are only scored when
marked as ‘L’ (Irvine, 2003). ‘M’ responses are not scored, due to their high
occurrence. However, when a ‘Hi’ or normal item appears to be the M-item, some
amendments of the item or tetrad is required (for more detail on the Hi and Lo marker

in PPA scoring system, please see 4.6.2 and Chapter 3 Area A.2).
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4.8.5 Non-used item

When an item demonstrates high ‘no response’ patterns in both high and low percentile
ranks, it can be defined as a ‘non-used item’. In other words, it is allocated a high

‘blank’ response pattern overall (see Figure 4.10).

“Non-used”-item

Current tem s often not chosen, it
Is very likely the item used complex, vague, or
-~ extreme terminology in current culture

B Ho mark PPA item ICC (Item Chracteristic Curve)

10

Mark for the item
o
o

00 -
0.000 0.100 0.200 0.300 0400 0.500 0.600 0.700 0.800 0.900 1.000

D in mask |

Figure 4.10 Sample Raw Item Characteristic Curve of ‘non used’ item

This phenomenon could arise for several reasons. The population may consider such
an item vague, difficult to understand, complex, difficult to respond to, or most
candidates may judge another item within the tetrad to be a better choice. Such items

(or the particular tetrad) are considered to be problematic and would require an

amendment.
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4.8.6 Complex items

When the ‘M’ items exhibit a normal distribution format, or go into a ‘swing form’ — up
and down across all areas, they are defined as ‘complex’ items. The concept of ‘item

swing’ is discussed in the next section. A complex item is suspected to contain vague,

extreme, or difficult terminology for the target population.

Complex item

Current item is not functioning

in relation to current construct,
However, it might has good relationship
with other constructs.

——L - -
. i g Also, it is also likely the current construct
—— o mark PPA item ICC (ltem Chracteristic Curve) contains contaminated construct

10

05

Mark for the item

00
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000

D in mask |

Figure 4.11 Sample Raw Item Characteristic Curve of complex item

A complex item can also be a sign of item contamination. This means that one or more
items are not functioning within the tetrad. When an item appears to be a complex item

it should be considered as problematic and should be amended.
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4.8.7 Raw Item Characteristic Curve (RICC) difficulties

Interpretation difficulties: Item swing

One of interpretation difficulties associated with RICC is a phenomenon commonly
observed in research, i.e. the ‘item swing’ effect (see Figure 4.13). However, normality
of the data is assumed, as defined by Allen & Yen (1979), then most of the population
would be located between 15%-ile to 80%-ile (see Figure 4.12). This range is
equivalent to one standard deviation, which theoretically could include 68.26% of
population. The upper and lower 15% (0.01%-14.99% and 84.99%-99.99%) would
contain relatively smaller proportions of the population. Theoretically, this would be
15.87% of population in each side. The further away from the centre, the less the

population.

/

/

Normal,
Bell-shaped Curve

1
I
'
: 2.14%

Percentage of 13 59%

cases in 8 portions

3413% | 34.13%

of the curve
Standard Deviations <40 -30 -20 -1o 0 +10 +20 +30 +40
| | | | | | |
Cumulative 9, o o, Q o4 2 79, Qq Qo
Percentages 0 1] o 2[3 Ya 151 9% 50‘/0 84 1% 97 17 Yo 991J %
I | [ s o R S S I B N N B T 1
Percentiles 1 5 10 20 30 40 50 60 70 80 NS0 95 99
4 4 $ + + + + 4 4 ¥ y i -+ _
Normal Curve 10 20 30 40 50 60 70 80 90
Equivalents

Figure 4.12 Standard normal distribution curve (Jooste, 2003)

When converting this concept to RICC, it means the higher and lower end of the
percentile would have a smaller sample size. For example, in a sample size of 100,

the sample size from each tail would be less than three individuals.

116



In such a small sample size, if one participant did not select the target item due to
chance, the probability selection would drop from 100% to 66%. When all three of the
candidates do not select the item, it would drop to 0%. If all three select the item, one
would have 100%. When the data are approaching two tail ends, it is very likely the
probability would swing quickly between 100% and 0%. This is due to the small

sample size. This study terms it as ‘item swing’ (see Figure 4.13).

Iltem swing is a common phenomenon in a small sample size, and could lead to
difficulty in interpreting the RICC because these swings probably act as outliers and

change how one interprets the RICC.
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Note: Within the red circles are the ‘item swing’s. The blue circle indicates the main direction of the curve

Figure 4.13 Sample Raw Item Characteristic Curve of item swing

4.8.7.1 Time challenge

Conducting RICC is also a highly time-consuming task, and there is no software

designed to draw the graphs. In this study the RICCs were created by calculating the
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percentiles and response patterns per-percentile using SPSS. These results were then
exported into Microsoft Excel for plotting. The RICC plots were then analysed
manually and assigned to groups of six (negative, positive, L-item, M-item, non-use,
and complex). After the graphs had been generated, they were manually captured in a
construct summary table for analysis. The entire process took weeks. Therefore,

alternative methods should be designed to speed up the process in future applications.

4.9. From RICC to Correlation Parameter Estimation (CPE)

A very simple method is used to generate the parameters. The least square regression
analysis of the RICC raw data is used (see Figure 4.14). The slope of this regression

line is use as the discrimination parameter A (see Figure 4.15).

-1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50

Figure 4.14 Generating regression line from the raw data
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Figure 4.15 Generating the discrimination parameter A

The value of this line across the 0.5 of Y-axis is the difficulty parameter B (see Figure
4.16).

P 2
*

05— & .
Parameter B: Difficulty
04 - Isyielded fromthe intercept of the
o regression linewithY=0.5
o * Inhere, itis 0.6535
* "o

o 106535

-1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50

Figure 4.16 Generating the difficulty parameter B
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The intercept of the regression line on the Y-axis, is used as the guessing parameter C

(or the minimal data) (see Figure 4.17).

P 2
*

Parameter G: Guessing

Is selected via alogical formulafor the
04 - smallestvalue

between the Y-Intercept (0.228)

orthe minimal value from the raw data.

o

: b0 @
Y-intercept-->_«1.228 -
02" - Inhere,itis 0.072

A\

-1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50

Figure 4.17 Generating guessing parameter C

The three parameters (A, B, and C) are plotted into the three-parameter logistic (3PL)
formulae to generating the curve (see Figure 4.18). This is the Correlation Parameter

Estimation (CPE) method that was designed to save time.
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Figure 4.18 Plotting three parameters to generate the curve

Microsoft Excel spreadsheet software was subsequently designed to incorporate the
following formulae (in Appendix A), which shortened the analysis process considerably.

For the actual outputs of this system please see Figure 4.19.
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Figure 4.19 Sample IRT comparison of item 4_02 against S construct

The new analysis also includes a section for differential item functioning (DIF) (see
Figure 4.20). The Pearson Chi-square goodness of fit method is also used to examine
between the fit of the parameter estimation method and the actual data (see Figure
4.21).
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Figure 4.21 Sample Chi-square goodness of fit of Sl construct vs. item 1_01
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4.10. Graded Response Model (GRM)

The correlation parameter estimation (CPE) method does not fully express the ordinal
nature of the PPA. CPE would assume that no sub-options are related to one another.
However, when observing the options in the RICC, it is clear that there is an ordinal
relationship. For this reason, this study further investigates items using Samejima’s
(1999) Grade Response Model (GRM), using the R package written by Rizolopulos
(2006). (The mathematical details are in Appendix A)

4.10.1 Parameter Estimation: MMLE

Rizolopulos’ (2006) Latent Trait model (Itm) model uses marginal maximum likelihood
estimation (MMLE) for parameter estimation. MMLE assumes that the respondents
represent a random sample from a population and that their ability is distributed
according to a normal distribution function. The model parameters are estimated by
maximising the observed data’s log-likelihood. (This is obtained by integrating out the

latent variables, as shown in Appendix A)

4.10.2 Model fit calculation:

The model fit of this research uses two-way and three-way margins. This is an

extension of the original goodness of fit method (Rao & Sinharay, 2007).
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4.10.3 Item Response Category Characteristic Curve (IRCCC)

Item Response Category Characteristic Curves - ltem: |_4_03.Charming.|. i #% * ¢ =

1.Least

2.Blank

— 3.Most
-

Probability

Figure 4.22 Sample Item Response Category Characteristic Curve from PPA

Samejima’s Item Response Category Characteristic Curve (IRCCC) is used as the
main outcome of the PPA GRM item responses. The above graph (Figure 4.22) is a
good example of optimum performance of an IRCCC. The green curve (3.Most)
positively discriminates test respondents. The black curve (1.Least) negatively
discriminates respondents. The red curve (2.Blank) demonstrates a typical normal

distribution curve.

The green and black curves are crossing very close to 0 ability (theta). It is an
indication that when an individual’s ability (theta), or tendency towards target construct
is identified by the current item group, the likelihood of marking the current item as ‘M’
(Most) increases. Alternatively, when the respondent has a lower tendency towards
the target construct, it would be more likely for them to mark the current item as ‘L’
(Least). Also, it is more likely for an individual to mark the current item as ‘Blank’ when

their tendency towards the target construct is between -2 to 2 (ability) theta.
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4.11. Forced choice to multiple choice questions (FCMCQ)

flattening method

It has already been shown (see Chapter 3 Area D.1) that within a tetrad, there are

combinations (choosing 2 words within 4 options, when the order of selection counts as
difference) possible options (H(high)D - L(low)C, HDLI, HDLS, HILC, HILD, HILS,
HSLC, HSLD, HSLI, HCLD, HCLI, and HCLS). This research has designed a method
to count the occurrence of each option (see Figure 4.23). An item set (tetrad) should
present equal probability for all 12 options. If over selection of certain option(s) occurs,

this could be due to internal and external variables, that is.
e Internal variables. Poor terminology for the item (vague or difficult), use of ‘over-
preferred’ or ‘under-preferred’ terms, and poor combination within a tetrad.

e External variables. Different cultural interpretation or preference for an item, tetrad,
and construct, current cultural emphasis (or Social Desirable Response), or actual

cultural difference.
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Figure 4.23 Sample forced choice to multiple choice questions (FCMCQ) bar
graph

Past research with the Myers-Briggs Type Indicator (MBTI) has indicated that the 16
personality types do not all have equal percentages (Hammer & Mitchell, 1996; Mills &
Parker, 1998). It is therefore reasonable to postulate that 12 possible options are also
naturally un-equally presented within the population. This could be one of the external
variables with unequal representations in the tetrad combination. However, the current

research assumes the unequal representations originated from poor item structure.
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4.12. Item Information Curve (IIC) and Test Information
Function (TIF)

Item Information Curves

©

=) 6 This curve represents
“Competitive”, a D item
initem set 06
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Figure 4.24 Sample 1IC and TIF, sample item information curve for D construct

Item set 06 |D ‘Competitive ‘S ‘Considerate ‘Lol ‘Happy ‘LoC ‘Harmonious

Item Information Curves (lIC) and Test Information Function (TIF) are indications of
range and amount of information measured by the current constructs. The IIC
illustrates the amount of information and range that is measured by all individual items

within the current construct.
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For example, as indicated above (item information curve, in Figure 4.24), item 6
illustrated by the magenta line (1_06, Competitive), can generate a large amount of
item information between the range -2 to 2 (theta, here as D construct). ltem
‘competitive’ is therefore a good item with which to measure the respondent who has -

2-2 (theta) or a tendency towards a D construct.

Test Information Function
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Figure 4.25 Sample TIF

The Test Information Function (TIF) is a curve that summarises all the individual item
information curves into one curve (see Figure 4.25). For example, the above test
information curve indicates that current items within the D construct could generate a
useful amount of information for low and high theta — with bit more information in the
lower side of theta. It is a good indication that the current items are functioning

appropriately for the construct.
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4.13. Item Response Category Characteristic Curves
(summary) IRCCC-S

The Item Response Category Characteristic Curves summary graph (IRCCC-S) puts
different responses into different graphs contrasting all items within the target construct.
The category one (top left in Figure 4.26) indicates the first ordinal response ‘L’
(1.Least), is generally demonstrating negative discrimination curves (high left with low
right). However, a few items are overly negative, which represents a general negative
response. The category two (top right in Figure 4.26) indicates a second ordinal
response ‘2, blank.” Most of the curve within the 2" category would be closer to a bell
curve. The category three (Lower left in Figure 4.26) is the ‘M’ (Most) curve, which is

demonstrating the positive curve (low left and high right).

Item Response Category Characteristic Curves Item Response Category Characteristic Curves
Category: 1 Category: 2

Probabi lity
Probabi li ty

Latent Trait Latent Trait

Item Response Category Characteristic Curves
Category: 3

Probabi lity

Latent Trait

Figure 4.26 Sample RICCC-S

The IRCCC-S is used in this dissertation to examine items within the target constructs.
In above example, all the items that have negative discrimination for L curves, normal

distribution curve for blank curves, and positive discrimination for M curves are
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assumed to demonstrate a well functioning construct. In contrast, other trends could

indicate problematic formulation or interpretation error.

4.14. Chapter summary and discussion

All the PPA forms were administered according to the standardised procedures. The
current study collected three sample groups, Part | of the research collected 650
samples via the old form (CPPA25/C7) in the Beijing area (male=323, Female=267,
missing=60). Data for Part | were collected from April 2004 to November 2007. Part Il
of this research used amended forms in the same area and collected 307 samples
(male=185, female=119, missing=3). Data for Part Il were collected from November
2007 to May 2008.

The data were captured via Microsoft Access and then analysed in SPSS 12 and
Microsoft Excel. This research used a double-blind method of in data collection,
analysis, and interpretation. Standardised processes of administering and data
capturing were also used. The old forms have various versions (all textually
equivalent). The results of ANOVA suggest that these are all equal, apart from some
minor differences in the Cl and Cll constructs (Cl. F (8, 641) = 2.443, p = .013; Cll F (8,
641) = 2.532, p = .010). The Hochberg homogenous sub-test also suggests slight

differences in C7-3 (see Table 5.1, p. 136 for a list of abbreviations).

The Classical test analysis of this study utilised Cronbach’s Alpha, item difficulty (P),
and the item discrimination index. However, in the chapter it is argued that Cronbach’s
may be unsuitable in the case of FC items, due to its heavy reliance on the correlation
technique. ltem difficulty is mostly used in ability tests, and in this study (P) was
operationalised as a popularity index. The PPA was scored according to its original
framework. The details for interpreting constructs, as well as the scoring method were
defined.

On the IRT analysis conducted in this study, the RICC definitions of positive, negative,
L-item, M-item, non-used item, and complex items were operationalised. The common

IRT problem of item swing was also defined.
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The current study used correlation parameter estimation (CPE) methods in three-
parameter logistic (3PL) methods for the RICC. The goodness of fit was used to
validate the result. The General Response Model (GRM) by Samejima (1999) was
used in conjunction with the RICC analysis. This study uses Rizopoulos’ (2006) ‘Itm’
pack in R to calculate the GRM model, as well as the Marginal Maximum Likelihood
Estimation (MMLE), two-three way margin fit, Item Response Category Characteristic
Curve (IRCCC), Iltem Information Curve (lIC), Test Information Function (TIF), and
IRCCC-summary form. In this study a forced choice approach to Multiple Choice

Questions (FCMCQ) to explore item dynamics was used.

This paper explored many methods with a single database. The current study tried to
encompass too many methods which could lead to a superficial research result. This
paper might not able to go into sufficient depth of each method and could lead to
confusion. Using the current paper and an overview, it is therefore suggested that

future research should investigate the methods in-depth for further confirmation.
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CHAPTER 5. RESULTS

5.1. Research results

The current study was exploratory in nature, therefore all research results are included
to enhance understanding of the field involving the use of item response theory (IRT) in
Personal Profile Analysis (PPA) forced choice (FC) instruments. The results are
presented in the order of the research process. The findings are reported in the
following structure (see Figure 5.1). The results of Part | is presented in section 5.2.

The Amend A is presented in section 5.5.

The results of Part Il are presented in section 5.6. The final end results of the current
study — a research protocol for future PPA-IRT research — are presented in section 5.7.
The full details of the original results are documented in Appendix 1 to 4 (on the CD).
(For the purpose of convenience, the list of acronyms that been used in this chapter

are listed again in Table 5.1)
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Part I

Old PPA

‘ Reliability: Cronbach’s alpha ‘

CTT ‘ Validity: Construct correlation
analySIS Item analysis:
Difficulty (P) and Discrimination index (D)
RICC
IRT
. M positive || L negative || Unmark positive
analysis

RICC result summary

Amend A: 15 items for alteration

Part I1

New PPA

CTT Item analysis: Contrast
analysis Difficulty (P) and Discrimination index (D)
Contrast RICC and Kendall’s Tau B (KTB)
IRT Item Information Curve(IIC) and
analysis GRM || Test Information Function (TIF)
analysis

IRCCC-s: Item Response Category
Characteristic Curves summary

Overall result summary:

future research protocol

Note: for the details of acronyms please see Table 5.1

Figure 5.1 Structure of research findings
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Table 5.1 List of abbreviations

3PL-IRT Three-parameter Logistic Item Response Theory model

Amend A Amendment of 16 items after Part | research

C Compliance construct (or overall score in Self mask)

Cl Compliance construct in Work mask

Cll Compliance construct in Pressure mask

CPE Correlational Parameter Estimation Method

CTT Classical Test Theory

D Dominance construct (or overall score in Self mask)

DI Dominance construct in Work mask

Dil Dominance construct in Pressure mask

DISC Marston’s DISC theory (Dominance, Influence, Submission,
and Conformity)

ERB Extreme Response Bias

FC Forced choice

FCMCQ Forced choice to Multiple Choice Question (modified model)

GRM Samejima’s General (graded) Response Model

Hi High scoring. PPA scoring method - items only scored when
marked ‘high’

| Influence construct (or overall score in Self mask)

ICC Item Characteristic Curve

Il Interactive construct in Work mask

IIC Item Information Curve graph

[ Interactive construct in Pressure mask

Index (D) Discrimination index

Index (P) Difficulty index

Index (PI) Preference index

IRCCC Iltem Response Categories Characteristic Curve

IRCCC-s Item Response Categories Characteristic Curve summary
graph

IRT Iltem Response Theory

IRTCI IRT Construct interpretation method

ITCC Iltem Total Correlation Co-efficient (construct interpretation
method)

KTB Kendal’'s Tau B Ordinal Correlation analysis (modified)

Lo Low scoring. PPA scoring method - items are only scored
when marked ‘least’

Part | Research Part | (Beijing sample, n=650) are collected via old
Chinese PPA form

Part Il Research Part Il (Beijing sample, n=307) are collected via New
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Chinese PPA form with Amend A
PPA Personal Profile Analysis
RICC Raw Item Characteristic Curve
S Submission construct (or overall score in Self mask)
SDR Social Desirable Response
Sl Submission construct in Work mask
Sli Submission construct in Pressure mask
TIF Test Information Function graph

5.2. Old PPA (Form A251, C7, and others)

5.2.1 Classical Test Theory (CTT): old form

5.2.1.1 Reliability: Cronbach’s Alpha result

Cronbach’s Alpha was conducted to explore the internal consistency of the form (see
Table 5.1). The FC format was converted to ordinal form for reliability of statistics
because reliability of FC psychometrics is potentially problematic due to its format
(Baron, 1996; Bartram, 2007; Hicks, 1970; Martinussen, et al., 2001; McCloy, et al.,
2005). This could be the reason that all PPA constructs yield low Cronbach’s Alpha
coefficients. D constructs (D in work mask, pressure mask, and self mask) seem to
have better reliability compared to the others (a=0.665(Dl), a=0.724(DIl), a=0.722(D)).
The construct said to be most problematic would be the C construct (a=0.211(Cl),
a=0.435(Cll), a=0.434 (C)). The reason for low the Alpha was discussed in section 4.5.
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Table 5.2 Old form (A251, C7) reliability statistic (n=650)

Cronbach's Alpha Based

Construct Cronbach's Alpha on Standardized Items N of Items
D work mask 0.665 0.649 20
| work mask 0.563 0.555 17
S work mask 0.525 0.513 19
C work mask 0.227 0.211 15
D Pressure mask 0.725 0.718 21
| Pressure mask 0.559 0.548 19
S Pressure mask 0.477 0.458 19
C Pressure mask 0.437 0.454 16
D Self Mask 0.722 0.710 24
| Self Mask 0.558 0.544 23
S Self Mask 0.569 0.560 25
C Self Mask 0.434 0.448 24
5.2.1.2 Construct correlation

In the current study, the item-construct-function was similar to the UK PPA form
research (see Table 5.6). This particular relationship has been widely observed by
international PPA researchers (Irvine, 2003). The original correlation relationships
showed that the D construct has little to no relationship with the | construct (r= -
.127~.11). However, the D construct seems to be significantly different from the S
construct (r=-.78~-.60), and from the C construct (r=-.60~-.45). Also, there was a

moderate relationship between the S and the C constructs (r=.12~.47).

Correlation within mask

In the current study (see Tables 5.3~5.5), a strong opposition (negative correlation)
between D and S existed within the self mask (r=-.61, p<.01), work mask (r=-.59,
p<.01), and pressure mask (r=-0.5, p<.01), followed by moderate opposition (negative
correlation) between D and C within the self mask (r=-.45, p<.01), work mask (r=-.20,

p<.01), and pressure mask (r=-.40, p<.01).
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Finally, the low correlation was also evident in the current study between S and C in

the ‘self mask’ (r=.12, p<.01) and pressure mask (r=.14, p<.01).

Table 5.3 Self mask correlations for simplified Chinese translation (n=650)

Variables 1 2 3 4
1. D in percentage -

2. lin percentage -127** -

3. S in percentage -.606™** -.398** -

4. C in percentage -.450** -.368** 21 -

** Correlation is significant at the 0.01 level (2-tailed).

Table 5.4 Work mask correlation for simplified Chinese translation (n=650)

5 6 7 8
5. DI in percentage -
6. Il in percentage -.087* - -
7. Slin percentage -.585** -.383** 1
8.Cl in percentage -.200** -.296™* -.041 -

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Table 5.5 Pressure mask correlation for Simplified Chinese translation (n=650)

9 10 11 12
9. DIl in percentage -
10. Il in percentage -.228** -
11. Sll in percentage -.500** -.288** -
12. Cll in percentage -.403** -.279** 141** -

** Correlation is significant at the 0.01 level (2-tailed). I=work mask, lI=pressure mask, and lll=self mask

138




Table 5.6 Correlation of Graph lll with international PPA research, (Irvine, 2003)

Country Constructs (Correlation)

Russia n=600 D | S C
Dominance 0.03 -0.65 -0.51
Influence -0.50 -0.58
Steadiness 0.47
Compliance

Holland n=127 D | S C
Dominance 0.11 -0.70 -0.60
Influence -0.31 -0.57
Steadiness 0.38
Compliance

Turkey n=214 D | S Cc
Dominance 0.04 -0.72 -0.47
Influence -0.32 -0.52
Steadiness 0.28
Compliance

Denmark n=539 D | S C
Dominance -0.09 -0.73 -0.50
Influence -0.31 -0.44
Steadiness 0.32
Compliance

USA n=1512 D I S C
Dominance 0.05 -0.78 -0.54
Influence -0.45 -0.61
Steadiness 0.46
Compliance

UK n= 4083 D I S Cc
Dominance -0.15 -0.75 -0.49
Influence -0.21 -0.40
Steadiness 0.24
Compliance

China n=650 D | S Cc
Dominance -0.127 -0.606 -0.450
Influence -0.398 -0.368
Steadiness 0.121
Compliance
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Correlation among masks

Note that although the three personal profile masks share the same DISC construct
names and items, they are not measuring the same constructs. The work mask is a
composite of positive responses (M= most like me), the pressure mask is a composite
of negative responses (L= least like me), and the self mask is a composite of positive
response minus negative responses. In the current study, the D, |, and S constructs
generally retained a good moderate correlation between work mask (I) and pressure
mask (Il). The C construct had a low correlation between work mask (1) and pressure
mask (ll) (see Tables 5.7 — 5.10).

Table 5.7 D Correlations across three masks (n=650)

Dlin DIl in
percentage percentage D in percentage

Dl in percentage Pearson Correlation | -

DIl in percentage | Pearson Correlation | .577** -

D in percentage Pearson Correlation | .885** .853* -

** Correlation is significant at the 0.01 level (2-tailed). I=work mask, lI=pressure mask, and llI=self mask

Table 5.8 | Correlations across three masks (n=650)

Ilin Iin
percentage percentage lin percentage

Il in percentage Pearson Correlation | -

Il in percentage Pearson Correlation | .482** -

| in percentage Pearson Correlation | .865** .838** -

** Correlation is significant at the 0.01 level (2-tailed). I=work mask, ll=pressure mask, and Ill=self mask
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Table 5.9 S Correlations across three masks (n=650)

Slin Sllin
percentage percentage S in percentage

Sl in percentage Pearson Correlation | -

Sllin percentage | Pearson Correlation | .459** -

S in percentage Pearson Correlation | .886** .804** -

** Correlation is significant at the 0.01 level (2-tailed). I=work mask, ll=pressure mask, and Ill=self mask

Table 5.10 C Correlations across three masks (n=650)

Clin Cllin
percentage percentage Cin percentage

Cl in percentage Pearson Correlation | -

Cll in percentage | Pearson Correlation | .118** -

C in percentage Pearson Correlation | .702** .769** -

** Correlation is significant at the 0.01 level (2-tailed). I=work mask, lI=pressure mask, and llI=self mask

5.2.1.3 Item reliability statistics: Old form

The current study generated Cronbach’s Alpha coefficients for exploratory purposes.
The D reliability ranged from .692 to .730. The | reliability ranged from .580 to .506.
The S reliability ranged from .588 to .521, and the C reliability ranged from .464 to .381.
In general, D and | constructs had better correlation among items. This was

operationalised by low item-total correlation (ri).

There are items reported to have low item total correlation in each construct. There are
four items in Dominance (D) construct (ri- .06 ~ -.007); six items in Influence (I)
construct (ri= .095 ~ -.073); nine items in Submission (S) construct (ri= .09 ~ -.07); and
eleven items in Compliance (C) construct (ri= .093 ~ -.117). In terms of Cronbach’s
Alpha, the D, | and S construct are more reliable than the C construct. The C
constructs contains too many unreliable items and generate the lowest Cronbach’s
Alpha.
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Table 5.11 Cronbach’s Alpha: list of problematic items (n=650)

- .. |Scale Corrected Cronbach's

Item gr?glligﬁl ltem ﬁgﬂe[)'\élli?gd'f Variance if Item-Total Alpha if Item
Item Deleted |Correlation Deleted

Problematic items in construct Dominance (D)
2_14 Daring 0.1923 29.699 -0.007 0.73
4 16 Assertive 0.9677 29.221 0.06 0.728
4_17 Persistent 0.1985 29.478 0.018 0.73
1.24 Faithful 1.1031 29.593 0.017 0.728
Problematic items in construct Influence (l)
102 Persuasive 1.1169 17.946 -0.024 0.57
2_08 Inspiring 1.1831 17.392 0.08 0.559
3_10 Polite 1.4892 18.096 -0.068 0.58
112 Polished 1.2831 18.025 -0.051 0.577
1._16 Confident 1.2554 17.226 0.095 0.558
121 Trusting 1.7031 18.147 -0.073 0.578
Problematic items in construct Submission (S)
4_02 Pleasant 1.0369 18.652 0.066 0.57
2_04 Obliging 1.4692 18.838 0.013 0.577
4 10 Moderate 0.7246 18.878 -0.018 0.585
3_13 Soft-touch 1.3754 18.987 -0.025 0.583
217 Generous 0.3692 18.357 0.09 0.569
2_21 Contented 1.1892 18.699 0.007 0.583
4_23 Restrained 1.3677 18.677 0.019 0.58
2. 24 Neighbourly 0.5354 18.939 0.006 0.576
1_21 Trusting 0.8508 19.224 -0.07 0.588
Problematic items in construct Compliance (C)
202 Dutiful -2.5938 14.297 -0.117 0.464
1.04 Open minded  |-2.4938 13.696 0.035 0.438
1._07 Fussy -1.8015 13.697 -0.005 0.45
2_10 Receptive -2.5385 13.617 0.038 0.439
3_12 Diplomatic -1.9923 13.465 0.025 0.446
3_15 Agreeable -2.0108 14.026 -0.052 0.454
117 Well-disciplined [-2.1554 13.324 0.065 0.436
2_20 Adaptable -2.4354 14.009 -0.063 0.46
222 Cultured -2.1215 13.417 0.089 0.429
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- .. |Scale Corrected Cronbach's
Original Scale Mean if X . ;
Item Enalish Item  litem Deleted Variance if Item-Total Alpha if Item
9 Item Deleted |[Correlation Deleted
2 23 Accurate -2.5000 13.437 0.093 0.428
4 24 Faithful -2.6046 13.605 0.054 0.435
5214 Item analysis: Difficulty analysis (P) and Discrimination index (D)

D construct

The difficulty index (P) revealed that 12 D construct items were considered to be
difficult for individuals who were considered as high D as well as Low D. The result
indicated that the Chinese translation for the terms ‘Assertive’ (D_16, p=.025),
‘Restless’ (D_24, p=.037), ‘Stubborn’ (D_02, p=.065), ‘Pioneering’ (D_19, p=.083),
‘Bold’ (D_03, p=.086), ‘Argumentative’ (D_20, p=.136), ‘Adventurous’ (D_10, p=.142),
‘Original’ (D_01, p=.179), ‘Courageous’ (D_05, p=.213), ‘Determined’ (D_14, p=.232),
‘Vigorous’ (D_22, p=.238), and ‘Persistent’ (D_17, p=.244) were considered too ‘difficult

(unpopular)’ for the current sample.

The result suggested that cognitive and affective tests should set different standards
for the P index. The results also suggested that the difficulty in affective self-report
tests could be defined as popularity. The current results further suggested that all the
above items were unpopular for use as a self-descriptive term in the current Chinese
population. The 9 out of 12 items scoring low in P value also scored low in D value
(discrimination index). The results of this study therefore suggest that when items are

too unpopular, the discrimination index value also decreases.

| construct

The difficulty index (P) revealed that 11 D construct items were found to be difficult for
individuals who were considered ‘High I’ as well as ‘Low I'. The results indicated that
the Chinese translation for the terms ‘Admirable’ (I_18 , p=.093), ‘Dramatic’ (I_17 ,
p=.099), ‘Light-hearted’ (I_20 , p=.099), ‘Trusting’ (I_21 , p=.108), ‘Happy’ (_06 ,
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p=.111), ‘Playful (I_07 , p=.114), ‘Cheerful (I_04 , p=.154), ‘Good-mixer (I_22 ,
p=.185), ‘Jovial' (_05 , p=.198), ‘Talkative’ (I_11, p=.219), and ‘Cordial’ (I_10 , p=.244)

were considered too ‘difficult (unpopular)’ for the sample.

It was found that 8 out of 11 items scoring low in the P value also scored low in the D

value (discrimination index).

S construct

The difficulty index (P) revealed that 14 S construct items were considered difficult for
individuals who were seen as High S as well as Low S. The result showed that the
Chinese translation for terms ‘Pleasant’ (S_02, P=.015), ‘Obliging’ (S_04, P=.049),
‘Satisfied’ (S_12, P=.053), ‘Soft-touch’ (S_13, P=.053), ‘Neighbourly’ (S_24, P=.090),
‘Lenient’ (S_22, P=.096), ‘Submissive’ (S_08, P=.102), ‘Contented’ (S_21, P=.117),
‘Sympathetic’ (S_16, P=.176), ‘Obedient’ (S_07, P=.179), ‘Accommodating’ (S_19,
P=.198), ‘Moderate’ (S_10, P=.216), ‘Trusting’ (S_21, P=.235), ‘Patient’ (S_09, P=.238)
were too ‘difficult (unpopular)’ for the sample. The results indicated that 11 out of 14
items that were scored low in P value were also scored low in D value (discrimination

index).

C construct

The difficulty index (P) revealed that 15 C construct items can be regarded as difficult
for individuals who were considered as High C as well as Low C. The result showed
that the Chinese translations of the terms ‘Humble’ (C_01, P=.015), ‘Timid’ (C_08,
P=.034), ‘Resigned’ (C_18, P=.037), ‘Easily Led’ (C_03, P=.053), ‘Cautious’ (C_14,
P=.056), ‘Fearful’ (C_13, P=.071), ‘Agreeable’ (C_15, P=.077), ‘Fussy’ (C_07, P=.099),
‘Soft-Spoken’ (C_09, P=.105), ‘Conventional’ (C_11, P=.154), ‘Cultured’ (C_22,
P=.157), ‘Diplomatic’ (C_12, P=.207), ‘Harmonious’ (C_06, P=.216), ‘Peaceful’ (C_21,
P=.216), ‘Well-disciplined’ (C_17, P=.228) were considered too ‘difficult (unpopular) for
the respondents in the sample. The results indicated that 10 out of 15 items that were

scored low in P value, were also scored low in D value (discrimination index).
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5.3. Item Response Theory (IRT): old form

5.3.1 Raw Item Characteristic Curve (RICC) model:

In this study RICC positive relationship was operationalised in two formats. One was
the positive relationship with ‘Most (M)’ curve and the other was a negative relationship

with ‘Least (L) curve (refer to Chapter 4, section 4.8 for operationalisation detail).

53.1.1 M positive

The RICC-M-positive curve RICC analysis showed that 25 out of 96 items were
‘contaminated’ (see the definition of ‘contamination’ on Chapter 3 Area E.3~5, Chapter
4, section 4.8). These items are given such rating due to the reason that they are
expressing two constructs (please see Table 5.9, they are marked as ***). The 25
contaminated items are. 1 01,1 02,2 02,3 03,1 04,2 07,1 08,2 09,4 09, 3 10,
2 11,1.12,4 14,1_16,2_16,3_16,2_17,4_17,2_18,4_18,2_20,3 20,3 21,4 _21,
and 4_22.

The analysis suggested that 30 out of 96 items can be classified as weak because they
did not show any specific item expressed construct (IEC) in the Most (M) positive curve

(see Table 5.9, they are the items the marked *).

The 30 weak items are. 3_01, 3_02,4_02, 1_03, 2_03, 2_04, 3_06, 1_07, 4_07, 4_08,
4 10,3 12,4_12,3_13,1_14,3_14,2_15,3_15,4_16,1_17,1_18,3_18,3_19, 1_21,
221,122, 2 22,4 23,1 24, and 3 24. Item 4 24 can be regarded as a highly
contaminated item because the IEC analysis indicates it is expressing three constructs,
(all CDS). Please see Table 5.12, this type of item is marked with ****. This rating is
given only to the items that express three different constructs across DISC. For
example, an item express traits for D, I, and C would be considered as highly
contaminated. However, if it only expresses sub constructs, it would not be considered

as contamination.
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For example item expressing D, DI, and DIl are all the sub constructs within the D

construct; therefore not contamination (refer to Table 5.9 for full RICC of the old PPA).

5.3.1.2 L Negative

The L-negative showed similar results. The 21 out of 96 items are considered as
contaminated due to the reason that they are showing more than one constructs.
Please see Table 5.13, they are the items that marked with *** (for further details
please see Chapter 4, section 4.8.2). The 21 contaminated items are. 3_01, 1_03,
2 04,2 05,4 .05,1.07,2 07,2 09,4 10,2_11,3_11,4_12,2 15,3 15,2 16,4 20,
2. 21,4 21,4 23,1 _24,and 4_24.

Also, five item identified by M-Positive are also showing up again in L negative
contamination list (2_07, 2 09, 2 11, 2 _16, and 4_21). There are 27 out of 96 items
are rated as weak items due to lack of expressing any construct (please see Table 5.13,
they are marked with *). These 27 items are. 2 01, 2 02, 3 03, 1 _04, 3 04, 3 07,
1.08,3 08,3 12,1.13,3_13,2_14,4 14,1_15,4 15,1 _16,3_16,4_17,1_18,2_18,
1.19,3 19,3 20,3 21,2 23,3 23, and 2_24. There are four items in the M-positive
weak list also appearing in the L-Negative List (3_12,3 13,1 _18,and 3_19).

5.3.1.3 Not marked item-positive result

Not Marked items cannot be interpreted. However, these items were still processed to
achieve a better understanding of the RICC. Items1_01,2_01,3_01,1_02,2_02,4_02,
1.03,2 04,1 05,1.07,3 07,1.08,2 09,2 10,1_12,2 12,4 12,2 13,4 13, 1_16,
2 16,4 _17,3_19, and 3_21 were found d to be contaminated.

Items 3_03,4_ 03,3 04,4 04,2 06,4 06,3 _08,3_11,3_12,3 14,3 15,1_17,3_17,
119, 4 21, and 4_22 were found to be weak. Items 4 02 and 4_20 were heavily
contaminated items (refer to Table 5.14 for full RICC of the old PPA).
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The following tables are the results yielded from raw item characteristic curve (RICCC)
(please see reading key below for interpretation instructions). It is defined as
‘expressing trait’ when a M response is demonstrating a positive RICC curve, and
when a L response is demonstrating a negative RICC curve (see section 4.8 for more

details). The results are summarised into table form (Table 5.12~5.14).

Reading key for Table 5.12~5.14:

Thisrepresents
Currentitem “expressed” the traits of these
sub-constructs. S, Sil, S are all sub construct of §

PAC IEC/summary

Number<—d 0D1_01/SI,SIL,S,CI,CILC]
of the item
\

Pre Assigned Summary of IEC,
Construct (PAC) “**indicates the rating
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Table 5.12 Result from RICC, IEC from item marked ‘Most’-positive relationship

(old form n=650)

PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary |PAC' [IEC/Summary
1.01 |1_01.SL,SII,S,CI,CII,C|2_01 |2_01,DLLILIII, 3_01 |3_01, 4_01 |4_01,D,

S SC construct*** Hil |l construct (with some D)|C * loD |D construct
1.02 |1_02,S1?,ClI?, 2_02 |2_02,DI,ClI, 3_02 (3_02, 4 02 |4_02,

| SC construct*** C DC*** D * loS |*

1.03 |[1_03, 2_03 |2_03, 3_03 (3_03,SI,SII,CI?, |4_03 [4_03,1,11,11,
LowC [* D * HiS |SC*** | | construct
1.04 |1_04,S1,S,C 2_04 |2_04, 3 04 [3_04,D,DlI, 4_04 |4_04,Cl,

HiC SC construct*** S * LoD |D | C

1.05 |1_05,IL,11, 2_05 |2_05,CIC 3_05 [3_05,D,DI, 4_05 |4_05,S1,SIl,S,
Lol | construct C C construct LoD |D construct S S construct
1.06 |1_06,D,DI,DII, 2_06 |2_06,S1,Sl1I?,S, 306 [3_06, 4_06 |4_06,Cll,C

D D construct S S construct Lol |* loC |C construct
1.07 |1_07, 2_07 |2_o7,8L8lI,S,Cl?,Cll,C [3_07 |3_07,D,DI,DIl, |4_07 [4_07,

loC * HiS |SC construct*** D D construct | *

1.08 |1_08,D,DI,DILlII, 2_08 |2_08,1,I, 3_08 [3_08,Cl,Cll,C 4_08 |4_08,

HiD DI construct*** Hil | construct LoS |C construct LoC |*

1.09 |1_09,.,l1, 2_09 |2_09,81,S,Cll, 309 [3_09,D,DIDIl, [4_09 |4_09,C

| | construct S SC construct*** D D construct HiC &Sfcvzt;ﬁ(;*t“
1.10 |1_10,D,DII, 2_10 |2_10,CI,C 3_10 (3_10,I,SI,S,Cll, |4_10 |4_10,

D D construct HiC |C construct Lol |SI construct™* |S *

111 [1_11,LIL11, 2_11 |2_11,81,SI1,S,CI?, 3 11 [3_11,Cl,C 4_11 |4_11,D,DI,

| | construct S SC construct*** loC |C construct D D construct
1.12 [1_12,S1?,S,CII,C 2_12 |2_12,Dl, 3. 12 |3_12, 412 |4_12,

Lol SC construct*** D D construct HiC |* S *

1.13 |1_13,DI,SI?,S,Cl, 2_13 |2_13,LIL11, 313 [3_13, 413 |4_13,C?

HiD SDC construct**** | | construct S * loC |C construct
114 |1_14, 2_14 |2_14,DI, 3_14 |3_14, 4_14 |4_14,11,81,S,
C * HiD |D construct | * HiS |IS construct***
1.15 |1_15,81,S, 2_15 |2_15, 3 15 |3_15, 4_15 |4_15,D,DlII,
HiS S construct - * C * LoD |D construct
1.16 |1_16,DL,DILLII, 2_16 |2_16,S,ClI,C 3_16 |3_16,SI,S,CI,C |4_16 |4_16,

Hil DI construct*** LoS |SC construct*** LoC |SC construct™* |D *

117 |1_17, 2_17 |2_17,1,S1,S, 317 |3_17,1, 4_17 |4_17,D,CII,
HiC * S Sl construct*** Lol |l construct D DC construct***
1.18 |1_18, 2_18 |2_18,8l,Sl1I,8,ClI?,C 3 18 [3_18, 4_18 |4_18,D,DI,DII,
Hil * HiS |SC construct*** loC |* D DI construct*™*
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PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary |PAC' [IEC/Summary
1.19 |1_19,ClClI?,C 2_19 |2_19,DI, 3_19 [3_19, 4_19 |4_19,8I,

HiC C construct D D | * S S construct

1.20 |1_20,D,DI,DI, 2_20 |2_20,DI,CI?,C? 3_20 [3_20,Sl,SI1,S,CllI,{4_20 |4_20,lII,

D D construct HiC |DC construct*** LoS |SC construct™* |l | construct

121 |1_21, 2_21 |2_21, 321 [3_21,D,DI,lI, 421 |4_21,5,ClI,C
HiS/Lol|* LoS |* D DI construct™* |C SC construct***
1.22 |1_22, 222 |2_22, 322 [3_22,D,DI, 4_22 |4_22,81,S1,S,Cl,.C
I * loC |* D D construct S SC construct***
1.23 |1_23,1L,11, 2_23 |2_23,Cl,ClI?,C 3_23 (3_23,D,DI, 423 |4_23,

| | construct HiC |C construct D D construct LoS |*

1.24 |1_24, 224 |2_24,8I, 3 .24 |3_24, 4 24 |4 _24DISIICIC
D * S S construct [ * Cc CDS construct****

NOTE: PAC'=Pre-assigned construct with item number, IEC= Item Expressed Construct. D,I,S,C= DISC in
Self Mask; DI,11,SI,CI= DISC in Work Mask (most); DII,III,SII,ClI= DISC in Pressure Mask (lest). *=no
dominant IEC under RICC. ***=ltem contamination with 2 constructs. ****=item contamination with 3
constructs. ?=Item swing leads to uncertainty of IEC. A question mark represents uncertainty.

Interpretation note: For Hi-D, Hi-l, Hi-S, Hi-C it does not imply ‘High’ - that denoted the scoring method
used with the PPA. This type of item is only scored when item marked ‘M’. Also lo-D, I, S, & C items do
not imply as ‘low’ - that denoted the scoring method used with the PPA and only scored when marked with
‘L’. Most items in PPA are assigned with one PAC only. However item 1_21 has assigned for IS construct.
Lo- and Hi- should read as following: Lo-items are commonly selected, therefore, only when marked as ‘L,
do they mean something, Lo-items are normally ‘popular,’ or ‘preferable’ terminologies. When marked as
‘M’ they do not count. Hi-items are normally ‘extreme’ or ‘unpopular’ terminologies. Most people would
mark them ‘L’. Therefore, such scores are only considered when marked with ‘M’. ‘L’ does not count.
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Table 5.13 Result from

(old form n=650).

RICC, IEC from item marked ‘Least’-Negative relationship

PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary PAC' |IEC/Summary
1.01 |1_01.Sl,SIl,S? [2_01 |2_01. 3_01 |3_01.S?,CICIL,C |4_01 [4_01.D,DILlI

S S construct Hil |* C SC construct™* loD |D construct

1.02 |1_02.Sll 202 |2_02. 3_02 |3_02.D, DIl 4_02 |4_02.11,81?,SI1,8?,Cl
| S construct C * D D construct oS  [ISC construct****
1.03 |1_03.SlI,S,CICll C(2_03 |2_03.D, DIl 3_03 |3_03. 403 |4_03. 1,1,

low C [SC construct** D D construct HiS |* | | construct

1.04 |1_04. 2_04 |2_04.11,Cll? 3_04 |3_04. 4_04 |4_04.

HiC * S IC construct™** LoD |* | *

1.05 |[1_05.LILIN 2_05 |2_05.8ll,Cl,CIl,C |(3_05 |3_05.D, DIl 4_05 |4_05.8SI,8Il,S,Cll,C
Lol | construct C SC construct*** LoD |D construct S SC construct

1.06 |1_06.D, DI, DIl 2_06 |2_06.SlI,SIl, S 3_06 |3_06.Cll,C 4_06 |4_06.Cll,C

D D construct S S construct Lol C construct loC |C construct

1.07 |1_07.DI,CIl,C [2_07 |2_07.8SI,SIl,S,Cl 3_07 |3_07. 4_07 |4_07.1, 1,11

loC DC construct™* HiS |SC construct*** D * | | construct

1.08 |[1_08. 2_08 |2_08.1, 11 3_08 |3_08. 4_08 |4_08.Cll,C

HiD * Hil | construct LoS |* LoC |C construct

1.09 |[1_09. 111,11 209 |2_09.SlI,SIl,S,Cll,C [3_09 [3_09. 4_09 |4_09.Cl, Cll,C

| | construct S SC construct*** D * HiC |C construct

1.10 |1_10.D, DI, DIl 2_10 |2_10.ClI?, C 3_10 |3_10.SI?,SI1?,S? |4_10 [4_10.8lII, S, CI?,CllI?,C
D D construct HiC |C construct Lol S construct S SC construct™*
111 1L 2_11 |2_11.8I,SI, s, Cl? (3_11 (3_11.8L,S1I?,S,CII,C|4_11 |4_11.D,DII

| | construct S SC construct*™* loC  [SC construct™* D D construct

1,12 1_12.11 2_12 |2_12.D, DIl 3_12 |3_12. 4_12 |4_12. 81, 8I1, S, Cll
Lol | construct D D construct HiC |* S SC construct™*
1.13 |1_13. 2_13 |2_13. 1, 11l 3_13 |3_13. 4_13 |4_13.Cll, C

HiD * | | construct S * loC |C construct

1.14 |1_14.Cll,C 2_14 (2_14. 3_14 |3_14.Dll 4 14 |4_14.

C C construct HD |* | D construct HiS |*

1.15 |1_15. 2_15 |2_15.DI, DII, ClI 3_15 |3_15.11, SI 4_15 |4_15.

HiS * - DC construct™* C IS construct*** LoD |*

1.16 |1_16. 2_16 |2_16.8SI,8SII, S, Cll 3_16 |3_16. 4_16 |4_16.D, DIl

Hil * LoS |SC construct*** LoC |* D D construct

1.17 |1_17.CL Cll,C 217 |2_17.SI8SlI? S 3_17 |3_17.1,11 417 |4_17.

HiC C construct S S construct Lol | construct D *

1.18 |1_18. 2_18 |2_18. 3_18 |3_18.ClI,C 4_18 |4_18.Dll

Hil * HiS |* loC  |C construct D D construct
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PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary PAC' |IEC/Summary
1.19 |1_19. 2_19 |2_19.D, DI, Dl 3_19 |3_19. 419 |4_19.8ll

HiC * D D construct | * S S construct
1.20 |1_20.D, DI, DIl 220 |2_20.CI? 3_20 |3_20. 420 |4_20.1, 1,111, S?
D D construct HiC |C construct LoS |* | IS construct***
1.21 [1_21.DIl, 1l 221 |2_21.8Sll,8?,Cll 3.21 |3_21. 421 |4_21.8I,ClIl, C
HiS/Lol|D construct LoS |SC construct*** D * Cc SC construct™**
1.22 1_22.1, 1 222 |2.22.Cll,C 3_22 |3_22.D, DI, DIl 4_22 |4 22.8I,8II,S
I | construct loC |C construct D D construct S S construct
1.23 |1_23.11 223 (2_23. 3.23 |3_23. 4 23 |4_23.8ll, S, Cll
| | construct HiC |* D * LoS |[SC construct***
1.24 |1_24.D?,DlIlI, Cll? [2_24 |2_24. 3.24 |3_24.11 4. 24 |4_24.

D DC construct*** S * | | construct Cc *

NOTE: PAC'=Pre-assigned construct with item number, IEC= Item Expressed Construct. D,I,S,C= DISC in
Self Mask; DI,II,SI,Cl= DISC in Work Mask (most); DIIIII,SII,ClI= DISC in Pressure Mask (lest). *=no
dominant IEC under RICC. ***=ltem contamination with 2 constructs. ****=item contamination with 3
constructs. ?=Item swing leads to uncertainty of IEC. A question mark represents uncertainty.

Interpretation note: for Hi-D, Hi-I, Hi-S, Hi-C, it does not imply ‘High’, - that denoted the scoring method
used with the PPA. This type of item only scored when item marked ‘M’. Also lo-D, I, S, & C items, does
not imply as ‘low’ - that denoted the scoring method used with the PPA and only scored when marked with
‘L’. Most items in PPA are assigned with one PAC only. However item 1_21 has assigned for IS construct.
Lo- and Hi- should read as follows: Lo-items are commonly selected, therefore, only when marked as ‘L,
they mean something, Lo-items are normally ‘popular,” or ‘preferable’ terminologies. When they are
marked as ‘M’ it does not count. Hi-items are normally ‘extreme’ or ‘unpopular’ terminologies. Most people
would mark them ‘L’. Therefore, such scores are only considered when marked with ‘M.’ ‘L’ does not count.
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Table 5.14 Result from RICC, IEC form
relationship (old form n=650)

item

marked ‘not marked’-positive

PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary PAC' |IEC/Summary
1.01 |1.01.,DI, DI, 1, 1I, 2 01 (2.01.,S,SI,SII,C,ClI[3 01 [3.01.,S,C,CILCIl |4.01 |4.01.,1,1I1I,
S DI cons*** Hil |SC construct*** C SC construct™* loD |l construct
1.02 |1_02.D, DI, Cl, 2 02 |2_02.,1I,Cl 3_02 [3_02.D, DI, 4 02 (4_02.,1,11,Sll, CI?
| DC *** C |C*** D D oS ISC***8

1.03 |1.03.s,8I,8sI2,C,Cl,cll2 03 |2 03.0, DI, 3.03 |3 03., 403 |4 03.,

low C |SC*** D D HiS |* | *

1.04 [1.04.D,DI, 2 04 |2_04.,SII, ClI? 3.04 |3.04., 404 |4 04,

HiC D S SD*** LoD |* | *

1.05 |1.05.,1Il, S, 2 05 |2 05.,S, SlI, 3 .05 [3.05.,CI?, 405 |4 05.,Cl
Lol I1S*** C S LoD |C S C

1.06 |1.06.,S, SISl 2 06 |2 06., 3.06 |3 06.,Cll 406 |4 06.,

D S S * Lol (¢} loC [|*

1.07 [1.07.D,C,cCll 2 07 |2.07., 307 [3.07.,SII, C,Cl, Cll |4 07 |4 07.,1I,

loC DC *** HiS |* D SC*** | |

108 |1.08.,1,Cl, 2 08 |2 08.D?, 3.08 |3 08., 408 |4.08.,C,cll
HiD 1C*** Hil D LoS LoC |C

1.09 [1.09., 1, 2. 09 |2 09., Il C, 3.09 |3.09., S, 409 |4 09,5,

I | S SC*** D S HiC |S

1.10 [1_10.D, DI, 210 [2_10., 1, ClI 3.10 [3_10.,Cl, 410 [4_10.,C,Cl,
D D HiC [IC*** Lol C S C

111 [1.11.D, 2 11 |2.11.D, DI, 311 [3.11., 411 |4.11.,8 3,
| D S D loC |* D S

1.12 |1.12.D, DI, 1Il, 212 [2.12.,DI,C2,Cl,  [3.12 [3.12., 412 |4 12.,8,SII, C, CII
Lol DI cons*** D DC*** HiC |* S SC***

113 |1.13., 1,11, 2 13 |2.13.D, DI, Cl, 313 [3.13.D, 413 |4 13,11, Cll
HiD | | DC*** S D loC [IC***

114 |1.14.,c,cil 2 14 [2_14. 1,11l 3,14 |3 14., 4 14 |4_14.D, DI,
C C HID |l | * HiS |D

1.15 [1.15.D, 2 15 |2_15., Cli 3 15 |3_15., 415 |4 15.,S, S,
HiS D - C C * LoD |S

1.16 [1.16.,S,SI,SI,C,CI?, |2 16 |2 16.D, S, SII?, 3.16 [3_16., I, 4 16 |4_16.,DII,
Hil SC*** LoS |DS*** LoC |l D D

117 |1.17., 2 17 |2.17.,cl,cll 317 [3.17., 417 |4 171,118, Sl
HiC * S C Lol * D 1S***

1.18 |1.18., 2 18 |2_18., DI, DI, 318 [3.18.,C, ClI 418 |4.18.,S, S,
Hil * HiS |[D loC |C D S
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PAC' |IEC/summary PAC' |IEC/summary PAC' |IEC/Summary PAC' |IEC/Summary
1.19 |1_19., 2_19 |2_19.D, DI, 3.19 [3_19.,S, 8|, C, 419 |4_19.,Cl,
HiC * D D I SC*** S Cc

1.20 |1_20.D, 220 |2_20., Sl Sll, 3_20 |3_20.D, DI, 4.20 |4.20.,1,11,8,C,Cl,
D D HiC |S LoS |D I ISC****

1.21 121,11, 2.21 |2_21., S, SlI?, 3.21 |3_21.,SI?,C,Cl, Cll|4_21 |4_21.,
HiS/Lol|l LoS |S D SC*** C *

1.22 |1_22.,11, 222 |2.22.,C,Cll 322 (3_22.,5S,8I, 4.22 |4 22.,

I I loC |C D S S *

1.23 |1_23.,Cl, 223 |2.23., 1, 3.23 |3_23.,C, Cl?, 4 23 |4 23, SlI,

I C HiC |l D o LoS |[S

1.24 |1_24.,DlIl, 2. 24 12.24.,C, 3.24 |3_24.,Cl, 4. 24 14 241,11,

D D S Cc I C C I

NOTE: PAC'=Pre-assigned construct with item number, IEC= Item Expressed Construct. D,I,S,C= DISC in
Self Mask; DI,II,SI,Cl= DISC in Work Mask (most); DIIIII,SII,ClI= DISC in Pressure Mask (lest). *=no
dominant IEC under RICC. ***=ltem contamination with 2 constructs. ****=item contamination with 3
constructs. ?=Item swing leads to uncertainty of IEC. A question mark represents uncertainty.

Interpretation note: for Hi-D, Hi-I, Hi-S, Hi-C, it does not imply ‘High - that denoted the scoring method
used with the PPA. This type of item only scored when item marked ‘M’. Also lo-D, I, S, & C items do not
imply ‘low’ - that denoted the scoring method used with the PPA and only scored when marked with ‘L’.
Most items in PPA are assigned with one PAC only. However item 1_21 has assigned for IS construct. Lo-
and Hi- should read as follows: Lo-items are commonly selected, therefore, only when marked as ‘L', they
mean something, Lo-items are normally ‘popular,’ or ‘preferable’ terminologies. When marked as ‘M’ they
do not count. Hi-items are normally ‘extreme’ or ‘unpopular’ terminologies. Most people would mark them
‘L. Therefore, such scores are only considered when marked with ‘M.’ ‘L’ does not count.

5.4.

5.4.1

RICC result summary

Item contamination

M-positive (Most-positive) reported 25 contaminated items, L-negative (Least-negative)

reported 21 contaminated items, and Non-positive reported 24 contaminated items.

Within all these contaminated items, items 2 09 and 2 16 were found to be

contaminated within all three analyses.
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Items 1_01,1_02,1 08,1 12,1 16,2 02,2 09, 2 16, 3_21, and 4_17 were found to
be contaminated in both Non-positive and Most-positive RICC. Items 4_21, 2_16, 2_11,
2 09, and 2_07 were found to be contaminated in both Least-negative and Most-
positive RICC.

ltems 1 03,1 07,2 04,2 09,2 16,3 01, and 4_12 were found to be contaminated in
Least-negative and non-positive. It was interesting to observe that Non-positive actually
shared 10 similarities with Most-positive, and 7 similarities with Least-negative. In
contrast, according to the theoretical postulates of this study, Least-negative and Most-

positive were expected to be similar, yet only exhibited 5 similarities.

5.4.2 Weak items

With regard to the weak items, the analyses found that they had less in common.
There were only 4 items shared between Least-Negative and Most-Positive (1_18,
3_12, 2_13, 3_19). There were 5 items shared between Least-negative and Non-
positive (1_19, 3_03, 3_04, 3_08, 3_12). There were 4 items shared between Most-
positive and Non-positive (1_17, 3_12, 3_14, 3_15). Item 3_12 was the only item that

showed weak in all three analyses.

5.5. Amend A: Identifying 15 problematic items for

amendment

Result gathered from RICC, as well as the textual interpretation of old Chinese form (in
discussions by the researcher and local Chinese researcher), this research suggested
various items should be amended for better performance. Two bilingual researchers’
opinions were canvassed for possible alterations. The two researchers’ language
backgrounds were. 1. Chinese researcher: (China) Simplified Chinese and English. 2.

South African researcher: (Taiwan) Traditional Chinese and English.

Both researchers had the Thomas standardised psychometric training and more than

one year’s practical experience with the instrument.
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The amendment (Amend A) suggestion was decided via consent from both
researchers and the statistical results. The final decision was only made when all the
statistical analyses showed congruent results. Therefore the 15 items were
recommended (Amend A). They are: 4 02,2 04,4 04,3 06,3 08,3 10,3 12,1 _13,
3.13,3 14,3 15,4 16, 1_18, 1_24, and 4_24. However, items such as 3_01, 2_02,
2 03,3 .04,1.07,3 07,4 07,3 09,4 14,1_16,2_17,4_17,1_19,3_19,2 20,4 20,
1.21,3 21,1 22, and 2_22 might also need amendment to retain CPPA’s construct

integrity. The Amend A was therefore assigned for alteration (Table 5.15).
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Table 5.15 PAC for CPPA,
grey)(Amend A)
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5.6. New PPA: Comparison of the differences

5.6.1 Classical Test Theory (CTT): New form

5.6.1.1 Item difficulty (P) and item discrimination index (D)

When compared with the old item, the amendment successfully increased the item
difficulty (P) and item discrimination index (D). Out of 15 amended items, 12 items
showed improvement on difficulty (P), and 12 items also showed improvement on item

discrimination index (D).

However, as an affective test, FC items do not show good item difficulty in general. In
the current study both the before (old form) and after (amended new form) show poor
average difficulty (P) (< .25). In the current study, the discrimination index (D) is
considered as a better measurement benchmark for affective psychometrics (Table
5.16). This study further indicates (see Table 5.16) that when items are changed
according to IRT results, the discrimination index is generally increased (ranging
from .008 to .4394).
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Table 5.16 Difference between item analyses in amended items (Amend A)

Old Form (n=650)

New Form (n=307)

Difference

ltem Difficulty |Discrimination [Difficulty |Discrimination |Change |Change
index (P) |index (D) index (P) lindex (D) in (P) in (D)

D_13 Aggressive Hi D

EMRRET (1_13) 0.4198 0.3457 0.4276 0.4605 0.0078 (0.1148

D_16 Assertive D - - -

%\'%FEJ’FLEU (4_16) 0.0247 0.0370 0.2237 0.3421 0.1990 [0.3051

D_24 Restless D - " o xx

'I‘DET i (1_24) 0.0370 0.0370 0.0855 0.0658 0.0485 (0.0288

|_04 Cheerful | . N

S (4_04) 0.1543 0.2840 0.3684 0.4211 0.2141 (0.1371

|_06 Happy Lo | §i5% (3_06) 0.1111** 10.1605*** 0.1053** |0.1579*** -0.0058 |(-0.0026

10 %Orf(')a)' (polite) Lo 0.2438* 0.1790* 0.2566* (0.1184* 0.0128 |-0.0606
I: I —

I_14 Convincing | . .

?J%qﬁj’ (3_14) 0.2747 0.2901 0.1908 0.3289 0.0839 |0.0388

|_18 Admirable Hi 0.0926** |0.1235%** 0.1382** |0.1447** 0.0456 |0.0212

T MR (1.18)

S 02 Pleasant Lo S . - - -

#51 (4_02) 0.0154 0.0062 0.1184 0.1579 0.1030 |(0.1517

S_04 Obliging S 0.0494* |0.0370*** 0.2171* |0.4079 0.1677 [0.3709

Hi (2_04)

S_08 Submissive (willing to submit) . -

oS %IEA%[{% (3.08) 0.1019 0.1790 0.4013 0.6184 0.2994 (0.4394

S_13 Soft-touch S - . ok -

BIFLF]H] (3_13) 0.0525 0.0062 0.0789 0.1579 0.0264 |(0.1517

C_12 Diplomatic Hi C . - _

Rl [Ellf’ﬁ’ (3.12) 0.2068 0.2654 0.0987 0.1447 0.1081 |-0.1207

C_15 Agreeable C - - .

»FLI by (3_15) 0.0772 0.0309 0.3684 0.2632 0.2912 (0.2323

C_24 Faithful C 0.4259 0.3333 0.5132 0.3421 0.0873 |0.0088

(G (4_24)

Note: *=Difficulty index (P) below .4, **=Difficulty index(p) below .25, ***=Discrimination Index (D)

below .19.( )=negative value
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5.6.2 Item Response Theory (IRT): new form

5.6.2.1 RICC method and Kendall's Tau B: result of experimental method

The old form analysis was done via RICC, without any specific parameter-estimation
technique. The interpretation of item expressed construct (IEC) was assigned to two
psychology master students, who had no pre-knowledge of the PPA pre-assigned
construct (PAC). When the RICC ‘M’ curve swing went up to the right side, it was
interpreted as suggesting a positive response towards the competing construct (refer to
Chapter 4 section 4.8.1).

The main difference between RICC and IRT was that RICC used the construct
percentile as the latent trait. In contrast, the traditional IRT method and GRM used the
‘total item response’ as the latent trait. The RICC was highly time-consuming and
difficult to fully standardise (due to human interpretation), and another method was
therefore used in this study to compare IRT and RICC. This alternative method
needed to be more efficient, easier to standardise, and with a lower level | of human
intervention. The Kendall's Tau-B (7 ) rank correlation technique was selected and it
was conducted using SPSS (version 12) (Shaw, 2007).

For the calculation of Kendall’s Tau-B, this study also further the flattened the FC items
into the interval/ordinal values M=1; blank=0; and L=-1. The PPA construct percentiles
were calculated through ordinal rank correlation. According to Rupinski and Dunlap
(1996), Kendall's Tau-B (7 ) has better approximation towards estimation of Pearson’s
r than Spearman’s rank correlation p (rho) (Rupinski & Dunlap, 1996). It is also

suggested by Shaw (2007) that Spearman’s p cannot be interpreted as clearly as

Kendall’'s Tau, and the distributions do not follow normal distribution when the samples

are small. The full table for PPA Kendall’s Tau B and Spearman’s p rank correlation

results (all against old form, n=650) are included in the Appendix 3 (Table C.1~C.6, for
the old form, on the CD).
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Three correlational methods, Kendall’'s Tau B, Spearman’s p, and Pearson’s r were

used to compare the results (Appendix 3, Table C.1-C.3 on the CD). In general, RICC
and Kendall's Tau B agreed with each other. The areas highlighted in blue were the
sections that were similar (RICC and KTB similar). The comparison showed that
46.875% of both results (45/96) agreed with each other (highlighted by blue mark),
21.875% (21/96) was partially in agreement (highlighted by green mark), and 31.25%
disagreed with each other (30/96) (please see Appendix 3, Table C.1~C.3 on the CD).
All three methods showed certain levels of similarity. The result indicated that
Kendall’'s Tau was closest to RICC (Appendix 3, Table C.1 on the CD).

This study further compared the similarity between RICC and Kendall's Tau B, in two
different benchmarks (Appendix 3, Table C.4~C.6, CD), which were (7 >0.09; 7 <-0.09),
(T >0.19; 7 <-0.19), and (7 >0.249; 7 <-0.249). It was worth noticing that similarity was highest
in (7 >0.249; 7 <-0.249). The results were a 53.125% (51/96) match, 17.7083% (17/28)
partial match, and 29.1667% (28/96) were unmatched. It was therefore suggested that
RICC performs most similar to Kendall’s Tau B within the range 7 =.25 ~.10. In high
(7 =.25), items considered to be ‘contaminated’ are not be shown. They are only

shown when low Tau (7 =.0.001) was used (see the result summary, Table 5.17).

These findings there showed that an algorithm such as Kendall’s Tau is similar to the
IRT approach in terms of which the RICC generates information in both ‘high’ and ‘low’

ability areas.

However, in the case of Kendall’s Tau, data were ‘merged’ into a single value, which
raises the possibility that some important information may have been missed. RICC,
on the other hand, gives the full picture of how ability and item function throughout all

ability areas.
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Table 5.17 Matching between RICC and different Kendall’'s Tau B Strength (old
form n=650)

Kendall's Tau-B (7 ) Strength Match Partial Match ~ |[Not Match
(7 >0.249; 7 <-0.249) 51 17 28
53.1250% 17.7083% 29.1667%
(7 >0.19; 7 <-0.19) 45 21 30
46.8750% 21.8750% 31.2500%
(7 >0.09; 7 <-0.09) 47 18 31
48.9583% 18.7500% 32.2917%
(7 >0.0001; 7 <-0.0001) 37 29 30
38.5417% 30.2083% 31.2500%

It is proposed that the possibility of also generating the RICC in concert with Kendall’s
Tau should be explored in future. The RICC method seemed to be better at examining
the contamination effect of the PPA FC tetrads, but when RICC is not accessible,
Kendall's Tau can be used. However, both results (7 >0.249; 7 <-0.249), and
(7 >0.0001; 7 <-0.0001) should ideally be generated to yield the maximum information

regarding the ‘depth’ of the ‘contamination’ effect.

Future researchers should first conduct Kendall’'s Tau B with (7 >0.249; 7 <-0.249). If
the item express construct (IEC) generated from Kendall’s Tau (7 >0.249; 7 <-0.249) is
the same as-the pre assigned construct (PAC) it can be concluded that the item is
functioning appropriately. If the IEC shows a difference to PAC, or nothing appears at
all, this could be an indication of item contamination. The researcher should then

investigate items dynamics and the depth of item contamination.

5.6.2.2 New item comparison: amended items and Kendall's Tau B

The 15 amended items generally showed an improvement in constructs. However,
other items that did not go through the amendment process remained the same.
Samejima’s Graded Response Model showed that other items that not undergo any

change retained the same item parameter.
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This provides some evidence for the validity of IRT, because 15 items undergoing
amendment also have an impact on the ICC of other items within the same item set
(tetrad). The current research had amended 15 items (15 items in 12 tetrads) from the
old form. The results were generally satisfactory. 73.3% (11 out of 15 items) are
reported as successful, 26.6% (4 out of 15 items) were still considered problematic
(see Table 5.18).
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Table 5.18 Summary of Kendall’'s Tau B (7) analysis comparison of 11 amended

items
Item code E(;EnISEVEI Before After Note Result
D_13 0.001 Dl,SI,ClI,DIlI,SII,D,S DI,CI,DII,D Higher D link Successful
0.099 DI,DII,.D DI,DII,.D
0.199 DI,D DI,DII,.D
0.249
D _16 0.001 DLIL,DILIND,I DL,1I1,DILIND,I Lower | Successful
0.099 DLI1,DIIL,D,I DLI1,DIL,D,I
0.199 DLILD,I DL,II,.D
0.249 Il Il
D 24 0.001 Dl,sl1,bi,slCi,b,s,c |DI,DIILCIILD,C Higher D Successful
0.099 DIl DII,ClI,D
0.199
0.249
|_04 0.001 1L DLIL,DILINLD,I Higher | Successful
0.099 L1011 1L
0.199 I, 1L,
0.249
|_06 0.001 IL,SLILLS IL,SLILLS No difference
0.099 M1, M1,
0.199 I, i,
0.249
I_10 0.001 SLIILSIILCIILS,C SI,SIIL,CIILS,C, Higher S unsuccessful
0.099 SI,SIlLCILS SI,SIILCILS,
0.199 S SIS,
0.249
I_14 0.001 DL,1I1,DILIND,I DL I1L,DILINLD,I Higher | Successful
0.099 DLILDILINLD,I DLILDILINLD,I ,but also higher D
0.199 I, I,DILILD,I
0.249 Il Il
I_18 0.001 DL,I,DILIND,I L1011 Higher | Successful
0.099 I, 181N
0.199 I M,
0.249
S_02 0.001 ILsLcLuLsILCILLS,C  [SLSILCILS Higher S Successful
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KTB Level

Item code (7 >n) Before After Note Result
0.099 1,sii,s SI,SlI,S
0.199 Sl Sl
0.249

S 04 0.001 SI,SIIL,CIILS,C SI,CI,SIIL,CILS,C Higher S Successful
0.099 SILCIILS SI,SlLClLS,C ,but also higher C
0.199 SI,SlLCILS,C
0.249

S 08 0.001 SI,CI,SIILCILS,C SI,CI,SIILCILS,C Higher S Successful
0.099 SIS SI,SIIL,CIILS,C ,but also higher C
0.199 SI1,SI1,CILS,C
0.249

S 13 0.001 DI,SI,DII,SIIL,D,S SI,CI,SIIL,S,C Higher S Successful
0.099 SIS SIS
0.199 SIS
0.249

C_12 0.001 DLILCLIILD,I,C ILCLILCILILC Higher | unsuccessful
0.099 I,ClLI,C 1L
0.199
0.249

C_15 0.001 isLcLuLsiLciLLSs,c |1,S1,Cl,Si,CIlL1,S,C{Higher C Successful
0.099 ILILCILILC CLslLCll,C
0.199 M,
0.249

C_24 0.001 SI,CLSIILCILS,C DI,SI,Cl1,DIlI,SIILD,S,C No difference
0.099 Cl,C Cl,C
0.199 Cl,C Cl
0.249 Cl Cl

Note: Overall, 11 items (73.3%) are considered as successful. 2 items (13.3%) with no difference, 2 items
(13.3%) are considered as unsuccessful. However, within successful items, three items (25%) contain
mixed results.

Within the 12 tetrads that underwent amendment, only 9 had one item that was altered
and 3 tetrads had two items altered (set 4, 13, and 24).

tetrad improved, the other items also improved, as demonstrated by tetrad 4, 6, 13, 14,

15, 16, 18, and 24 (see Table 5.19 - 5.30).
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However, it was found with tetrads 10 and 12 that when an item was unsuccessful, the

other item would also be contaminated (see Table 5.24 and 5.31).

According to the current result, the KTB method could illustrate such an effect (see
Table 5.18 for full details and Appendix 3, Table C.7 and Appendix 4 on the CD).

D construct KTB summary

All three amendments were reported to be successful. D_13 (Table 5.19) and D_16
(Table 5.20) were very successful, the amendment strengthened the D item and
purified it, even to as low as the 7> 0.001 level. In contrast, D_24 (Table 5.21) only

received moderate success firming up to 7 > 0.099 level.

However, such amendments seemed to purify item 3_24 indirectly. The | item lost its D
connection. Overall the amendment of the D construct was also relatively easy in
comparison to other constructs, most likely due to the fact that this construct was more

easily defined and relatively ‘culture’ free.
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Table 5.19 Kendall’'s Tau B (7) analysis comparison after amendment, item set

13, (D_13) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DI,SI,CI,DII,SIIL,D,S  [ILII] DI,SI,DII,SII,D,S I,SI,ClL,ClI,C
T >0.099 DI,DII,.D 1L SIS Cll,C

7 >0.199 DI,D 1L Cll,C

7 >0.249 1L Cll
After(n=307)

7 > 0.001 DI,CI,DII,D ILDILILI SI,ClLSlI,S,C SI,CLCILS,C
7 >0.099 DI,DII,.D 1L SIS Cll,C

7 >0.199 DI,DII,.D 1L SIS Cll,C

7 >0.249 1L Cll

PAC Hi-D* | S* Lo-C

Item code 1_13* 213 3_13* 4 13

Item (Eng) Aggressive* Life of the party Soft-touch* Fearful,

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.20 Kendall’'s Tau B (7 ) analysis comparison after amendment, item set

16, (D_16) amended

KTB Level |IEC IEC IEC IEC
Before(n=650)

7 >0.001 DLI,DILIND,I SI,SII,CIILS SI,CLSILCILS,C DI,CI,DII,CII,D,C
7 >0.099 DLI1,DII,D,| SI,SII,S SI,CLSIILCILS,C DII,.D

7 >0.199 DLILD,I SIS DIl

7 >0.249 Il SIS

After(n=307)

7 > 0.001 DLILDILINLD,I si.cLu,sici,s,c - |si,cLh,si,Ci,s,C  |DbI,DIlL,D
7 >0.099 D1L,11,DII,D,| SI,SII,CILS,C SI,CLSILCILS,C DI,DII,D
7>0.199 DLII,.D SI,SlI,S S,C DI,DII,D
7 >0.249 Il SIS

PAC Hi-I Lo-S Lo-C D*

Item code 116 2 16 3 16 4 16*
Item (Eng) Confident Sympathetic Tolerant Assertive*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.21 Kendall’'s Tau B (7 ) analysis comparison after amendment, item set
24, (D_24) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DI,s1,Dll,SlILCIlLD,S,C ILS1,DILILSILLS DLILIILI SI,CLSILCILS,C
7 >0.099 DIl SIS 1L Cl,C

7 >0.199 1L Cl,C

7 >0.249 Cl

After(n=307)

7 > 0.001 DI,DII,CII,D,C ILSLILSILLS L1011 DI,SI,CI,DII,SIILD,S,C
7 >0.099 DII,CII,D SI,SlI,S 1L Cl,C

7>0.199 SI,S 1L Cl

7 >0.249 Cl

PAC D* S I c*

Item code 1_24* 224 324 4_24*

Item (Eng) Restless* Neighbourly Popular Faithful*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.

| construct KTB summary

The amendments of | construct had mixed results. Tetrads considered successful
were sets 4 (Table 5.22), 14 (Table 5.25), and 18 (Table 5.26) (the success of set 4
could be due to alteration of S construct). Although their results were shown to be
mixed, the alteration seemed to strengthen other items within the tetrads. It was
therefore suggested that the alteration of the above items had made the selection
process clearer. This would mean that individuals who possess non | traits would not
be confused by this item, making their choice of another item easier. However, tetrad 6
(Table 5.23) did not appear to change the dynamics at all (or inclined slightly towards
poor alteration). The tetrad 10 (Table 5.24) amendment decreased the clarity within the

set and therefore proved an unsuccessful attempt.
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Table 5.22 Kendall’'s Tau B (7) analysis comparison after amendment, item set

04, (1_04) amended

KTB Level [IEC IEC IEC IEC
Before(n=650)

7 >0.001 SI,CL,SII,CIILS,C, S1,SI1,CILS,C, DI,DII,D 1L

7 >0.099 SI,CI,S,C, SII,CILLS, DI,DII,D L1011

7 >0.199 Cl, DI,D 1

7 >0.249

After(n=307)

7 > 0.001 cLi,sii,s,C SI,Cl,SIILCllLS,C DI,DII,D DLILDILIND,I
7 >0.099 Cl,C SI1,SII,CILS,C DI,DII,D L1011
7>0.199 Cl SI1,SI1,CILS,C DI,DII,D L1,

7 >0.249

PAC Hi-C S* Lo-D I*

Iltem code 104 2 04* 3 04 4 04*
Item (Eng) Open Mind Obliging* Will power Cheerful*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.23 Kendall’'s Tau B (7) analysis comparison after amendment, item set

06, (1_06) Amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DLIL,DILINLD,I SI,ClL,SIILS,C ILSLILLS SI,ClL,SIILCILS,C
7 >0.099 DI,DII,.D SI,SlII,S 1L, Cll,C

7 >0.199 DI,DII,.D SI,SILS I, Cll,C

7 >0.249 DI,DII,.D SI,SILS Cll,C
After(n=307)

7 > 0.001 DLI1,DIL,D,I SI,Cl,SlILClILS,C ILSLILLS SI1,ClL,SIILCILS,C
7 >0.099 DI,DII,.D SI,ClL,SIILS,C 1, SII,CIlI,C
7>0.199 DI,DII,.D SI1,SlII,S I, Cll,C

7 >0.249 DI,DII,.D SI,SILS Cll,C

PAC D S Lol* loC

Iltem code 1_06 2 06 3 _06* 4 06

Item (Eng) Competitive, Considerate Happy* Harmonious,

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.24 Kendall’'s Tau B (7) analysis comparison after amendment, item set
10, (I_10) amended

KTB Level |IEC IEC IEC IEC
Before(n=650)

7 >0.001 DL11,DI,D,| ILCLIILIL,C s, si,cCi,s,c |SI,ClLSIlLCIILS,C
7 >0.099 DI,DII,D Cl,C SI1,SII,CIILS SIS

7 >0.199 DI1,DII,.D Cl S

7 >0.249 DI,DII,D Cl

After(n=307)

7 >0.001 DLILDILILD,I {ILSLCLiSILClLlLS,Cc  (SI,SLCIlLS,C, DI,SI,Cl1,DIlI,SILCIILD,S,C,
7 >0.099 DLI1,DI,D,I Cl,C SI,SII,CILLS,

7 >0.199 DI1,DII,D Cl SIS,

7 >0.249 DI1,DII,.D Cl

PAC D Hi-C Lo-I* S

Item code 110 2 10 3_10* 4 10

Item (Eng) Adventurous, Receptive Cordial (polite)* |Moderate,

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.25 Kendall’'s Tau B (7) analysis comparison after amendment, item set

14, (1_14) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 > 0.001 SI,ClLSIILCIILS,C, DI,Cl,SII,CII,D,S,C, [DLIILDILIILD,I SLI1,SIILS

7 >0.099 SIILCIILC, DI, DLILDILIND,I SI,S

7 >0.199 ClI,C, I, SI

7 >0.249 ClI,C, I SI
After(n=307)

7 >0.001 SI,Cl,SIILCIlLS,C DI,CI,DII,D DLILDILINLD,I SI,SI1,CIILS,C
7 >0.099 SI,ClL,SIILCILS,C DI,DII,D DLILDILINLD,I SI,Sll,S
7>0.199 Cll,C DI,D ILDILINLD,I SI,S

7 >0.249 Cll,C Il SI

PAC C Hi-D I Hi-S

ltem code 114 2 14 3_14* 4 14

Item (Eng) Cautious, Determined Convincing* Good-natured

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.26 Kendall’'s Tau B (7) analysis comparison after amendment, item set
18, (I_18) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DLI1,DILIILD,I SI,SlLCILS,C SI,Cl,SIILCILS,C DLILCLDILINLD,I
7 >0.099 I, SI,SII,CILS,C SII,CII,C DI,DII,D

7 >0.199 Il SIES Cll,C DI,DII,D

7 >0.249 SI,S Cll DI,D
After(n=307)

7 > 0.001 1L SI,ClLSIILCILS,C SLLSILCILS,C DLILCLDII,D

7 >0.099 1L SI1,S11,CILS,C SII,CII,C DI,DII,D
7>0.199 I, SI,SII,S Cll,C DI,DII,.D

7 >0.249 SI,S cll DI,D

PAC Hi-1* Hi-S Lo-C D

Item code 1_18* 2 18 3 18 4 18

Item (Eng) Admirable* Kind Resigned Force-of-Character

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.

S construct KTB summary

The amendment of S construct was generally successful; two items were complete
successes: item 2 (Table 5.27) and 13 (Table 5.30). Two items had mixed results 4
(Table 5.28) and 8 (Table 5.29). The tetrads 4 and 8 were reported to be mixed, or
contaminated. The contamination was related to the S-C mix. Previous reports
suggest that it is not uncommon to find SC mixed within S or C items (Hendrickson,
1983). This could be due to the fact that the S and C construct terminologies are
naturally related in the target cultural terminology. However, the amendment of both
sets 4 and 8 strengthened the items, and led to clear construct manifestation for other

items within the tetrad. Therefore both sets 4 and 8 were defined as successful.
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Table 5.27 Kendall’'s Tau B (7)) analysis comparison after amendment, item set

02, (S_02) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 i,sLh,si,cCil,s |bL,ClLbILINLD,C |DI,DIILD I,S1,CLIILSILCILLS,C
7 >0.099 I,S1,S Cl DI,DII,D 1,sli,s

7 >0.199 Cl DII,.D Sli

7 >0.249 Di,bD

After(n=307)

7 > 0.001 insii,siu,cCi,IL,s |bl,Cl,bi,b,C DI,DII,CII,D SI,SIIL,CILS
7 >0.099 I,SLI,S DI,CI,D DI,DII,D SI,SlI,S
7>0.199 DIl Sli

7 >0.249 DII,.D

PAC I C D Lo-S*

Item code 102 2 02 3 02 4 02

Item (Eng) Attractive Dutiful Stubborn Pleasant*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.

174




Table 5.28 Kendall’'s Tau B (7) analysis comparison after amendment, item set

04, (S_04) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 SI,CLSILCILS,C SI,SI1,CIILS,C DI,DII,D 1L

7 >0.099 SI,CI,S,C SILCIIL,S DI,DII,D ILNL

7 >0.199 Cl DI,D 1,1

7 >0.249 ,

After(n=307)

7 > 0.001 cLi,si,s,c SI,CL,SIILClILS,C DI,DII,.D DLILDILIILD,I
7 >0.099 Cl,C SI,SII,CIlLS,C DI,DII,D ILILL,
7>0.199 Cl S1,SI1,CIILS,C DI,DII,D 1L

7 >0.249

PAC Hi-C S* Lo-D I

Iltem code 104 2 04* 3 04 4 04*
Item (Eng) Open Mind Obliging* Will power Cheerful*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.29 Kendall’'s Tau B (7) analysis comparison after amendment, item set
08, (S_08) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DI,DIL,IN,D ILDIL I SI,Cl1,SII,CILS,C SI,ClLSIILCILS,C
7 >0.099 DI,DII,.D I, SIS Cll,C

7 >0.199 DI,D I Cll,C

7 >0.249 DI I Cll,C
After(n=307)

7 > 0.001 DLILDILINLD,I DLII,CLDILILD,I |SI,Cl,SII,CII,S,C SI1,Cl,SILCILS,C
7 >0.099 DI,DII,.D LI S1,S11,CIlLS,C SI,SILCILS,C

7 >0.199 DI,DII,D I SI,S11,CILS,C Cll,C

7 >0.249 DI I Cll,C

PAC Hi-D Hi-I Lo-S* Lo-C

Item code 108 2 08 3 08* 4 08

Item (Eng) Brave, Inspiring Submissive (willing to Submit)*|Timid

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.30 Kendall’'s Tau B (7) analysis comparison after amendment, item set
13, (S_13) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 DI,SI,ClI,DII,SIILD,S 1L DI,S1,DII,SII,D,S I,S1,CL,CII,C
7 >0.099 DI,DII,.D LI SIS Cl,C

7 >0.199 DI,D L1011 Cl,C

7 >0.249 101 Cll,
After(n=307)

7 > 0.001 DI,CI,DII,D ILDILILI SI,Cl,8lII,S,C SI,CI,CIILS,C
7 >0.099 DI,DII,.D 1L SIS cil,c

7 >0.199 DI,DII,.D LI SIS Cl,C

7 >0.249 L1011 Cll

PAC HiD* I S* loC

Iltem code 113 2 13 3 13" 4 13

Item (Eng) Aggressive* Life of the party |Soft-touch* Fearful,

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.

C construct KTB summary

Three items had been amended in the C construct. Two items were considered as
successful 15 (Table 5.32) and 24 (Table 5.33), and one item as unsuccessful (set 12.
see Table 5.31). Tetrad 15 showed good striping from | construct, which would leave
the C item with only SC implications (before amend =ISC, after amend=SC construct,
see Table 5.32). However, set 24 (Table 5.33) was considered as successful due to
the clarification on the other items within the tetrad (general improvement on all DISC
items). Tetrad 12 (Table 5.31) demonstrated a poor alteration in that the | and C
constructs had switched places. It was therefore suggested that set 12 (Table 5.31)

should undergo further amendment.
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Table 5.31 Kendall’'s Tau B (7) analysis comparison after amendment, item set
12, (C_12) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 SI,CLlsiLClLS,C |DI,DIILD DLILCLIILD,I,C SI,SII,CILS,C
7 >0.099 SI,SIILCIlLS,C DI,DII,D IL,CLI,C SI,SIILCILS
7 >0.199 SI,S DI,DII,.D SIS

7 >0.249 DI,DII,.D SIS
After(n=307)

7 > 0.001 SLiLsSILCILILS,C  |DLILDILD,I ILCLILCILILC SI,CLSILCILS,C
7 >0.099 SI,SlI,S DI,DII,D 1L SI,SI1,CIlLS,C
7>0.199 DI,DII,D SIS

7 >0.249 DI,DII,.D SIS

PAC Lol D HiC* S

Item code 112 2 12 3 12* 4 12

Item (Eng) Polished Daring Diplomatic* Satisfied

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.32 Kendall’'s Tau B (7) analysis comparison after amendment, item set

15, (C_15) amended

KTB Level IEC IEC IEC IEC
Before(n=650)

7 >0.001 SI,SI1,CIlLS,C DI,DII,D I,S1,CLIILSILCILLS,C DLILDILIND,I
7 >0.099 SI,SII,S DI,DII,D IL1LCILILC DI,DII,D

7 >0.199 SI,S 11

7 >0.249 SI,S

After(n=307)

7 > 0.001 DI,SI,CISIIL,S DI,Cl,ClI,C ILSLCLILSILCILLS,C DLILDILIND,I
7 >0.099 SI,S Cll,C cLslCll,C DLILDILIND,I
7>0.199 SI I

7 >0.249 SI,S

PAC HiS - c* LoD

Item code 115 2 15 3 15* 4 15

Item (Eng) Willing, Eager Agreeable* High Spirited

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.
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Table 5.33 Kendall’'s Tau B (7) analysis comparison after amendment, item set
24, (C_24) amended

KTB Level |IEC IEC IEC IEC
Before(n=650)

7 >0.001 DI,S1,Dll,SII,CIILD,S,C|l1,S1,DILIILSILILS DLILIILI SI,CLSILCILS,C
7 >0.099 DIl SIS 1L Cl,C

7 >0.199 1L Cl,C

7 >0.249 Cl

After(n=307)

7 > 0.001 DI,DIIL,CII,D,C ILSLINLSILLS 1L DI,SI,ClI,DII,SIILD,S,C
7 >0.099 DII,ClI,D SI,SII,S 1L Cl,C

7>0.199 SI,S 1L Cl

7 >0.249 Cl

PAC D* S I c*

Item code 1_24* 224 324 4_24*

Item (Eng) Restless* Neighbourly Popular Faithful*

Note: IEC=Item Expressed Construct, PAC=Pre-assigned construct. *=Amended item within tetrad.

5.6.3 GRM comparison interpretation

5.6.3.1 Item Information Curve (IIC) and Test Information Function (TIF)

The full GRM IRCCC analyses are presented in Appendix 4 (on the CD). This section
therefore presents the summary forms of GRM IRCCC, which are Item Information
Curve (lIC), Test Information Function (TIF) and Item Response Category

Characteristic Curves summary (IRCCC-s).

In IIC and TIF, the D construct showed an increment of testing information from 4 to 5.5.
The | construct showed a left shift but increased item information from 3 to 4. The S
construct showed a general improvement of 1.0~1.2 information. The C construct also
showed a general improvement of item information (1.0~1.4) (for detail explanation of

GRM morel please see section 4.9 ~4.11 in Chapter 4).
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Figure 5.2 Comparing D construct in TIC and IIC after Amend A

Din TIF and IIC

According to the above IIC and TIF (Figures 5.2 and 5.3), the old and new D constructs
all function well. The D construct showed good sample discrimination as illustrated by
the centralised TIF curve (optimal information around theta -2~1.5, information level

around 3.8~4.0, see above TIF).
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The New D construct had also improved its item information value around theta 1.5
with the information value level increasing up to 5.5 (see the New D TIF). This showed

that D construct’s had improved after Amend A.
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Figure 5.3 Comparing | construct in TIC and IIC after Amend A
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lin TIF and IIC

In above graphs (Figure 5.3), the old | construct’s item information value peaks in theta
1.7~2.0. This shows that | items generate more information for individuals who really
are high in | construct. This in turn implies that | items in general could be too simple,
or socially preferable, to be marked as ‘M (most). According to above the Test
Information Function (TIF), only small numbers of respondents would mark items such
as item 9, 16, 11, and 5 as ‘M (most)’. This implies that the current item sets generate
information in the high | group. The new | performs in a similar manner, although the

item information value had increased from 3 to 4.
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Item Information Curves Test Information Function
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Figure 5.4 Comparing S construct in TIC and IIC after Amend A

Sin TIFand lIC

In the above graphs (Figure 5.4), the S construct indicates two peaks of information.
One peak is in theta -3~-2 and another is in -1~ 0.6. This shows that the S constructs
differentiate well for individuals who are either not in the S construct (-3~-2) or have an
average (-1~0.6) rating in the S constructs. However, the S construct do not to

differentiate well for individuals high in the S construct.
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The new items in the S construct indicate a general increase in testing information; the

first peak increases from 2.7 to 3.6. The second peak increases from 3.0 to 4.3.
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Figure 5.5 Comparing C construct in TIC and IIC after Amend A

Cin TIF and IlIC

In the above graphs (Figure 5.5), the C construct is shown to be able to differentiate

between individuals who are really high in the C construct.
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The peak range of C construct is around 1~3 theta. Both old and new sets indicate
similar results. The C construct also indicates a general improvement of item

information (1~1.4). This result is considered to be an improvement.

5.6.3.2 IRCCC-S analysis overall

The following sections (Figure 5.6~5.9) are the ‘before’ and ‘after’ analysis of Amend A.
The main analysis that been conducted here is item response category characteristic
curves summary (IRCCC-S). The results could be interpreted in detail for different
DISC constructs in the following sections. The D constructs are generally functioning
better except for a few items. The | construct, on the other hand, has 9 items that show
improvements and 3 items that do not. It is also possible that the | construct could
generate an inaccurate work mask. In the S construct, there are 9 items showing
improvement, 5 items showing as decrement, and one item remaining poor. The C
Construct IRCCC-s shows that there are 5 improved items, 4 items decrease, and 6
items remain poor. Overall, the DIS constructs show general improvement by the GRM

model, while the C construct remains problematic.

Item Response Category Characteristic Curves (summary) IRCCC-S
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Item Response Category Characteristic Curves Item Response Category Characteristic Curves
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Figure 5.6 Comparing D construct in IRCCC-S

D Construct IRCCC-S

According to the above IRCCC-s for the D construct (Figure 5.6), items in both before
and after Amend A, the D constructs can be interpreted as functional. The IRCCC-S
shows that many D items function better in the ‘Most’ negative discrimination, this could
lead to better performance in the work mask. The ‘Least’ curves show that item 24 still

does not function properly, although many items (such as 16) start to function.

However, item 2 seems to be slightly unstable due to the increment of un-popularity
(higher ‘L’ marking). The result suggests that although there is no change in the item,
the response pattern changes. This result is possibly due to the historical effect (effect
that happened due to natural development through time). The item 02, ‘Stubborn’, has
become even more un-popular in the current population. This effect could stem from
the popularity of contemporary Western business culture due to the influence of media

and the educational systems.

187



In the Western business culture, the term ‘stubborn’ has a strong negative connotation.
This view could have influenced the contemporary Chinese business culture, and led to
negative responses on the PPA. Overall, the D construct has better discrimination with
items such as 08, 09, 13, 14, 16, and 23 yielding a much better GRM curve after
amendment. However, the amendment of A is not perfect as items 02, 17, and 24 still
pose relative threats to the D construct. It is therefore suggested that CPPA undergo

further amendment.
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Item Response Category Characteristic Curves Item Response Category Characteristic Curves
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Figure 5.7 Comparing | construct in IRCCC-S

| Construct IRCCC-S

In the above graphs (Figure 5.7), compared to the D construct, the | construct is still
relatively unstable. The Amend A seems to improve a few items’ curve in the ‘Most’
graph. However, these results suggest that further amendments may be required. The
original form has 4 items that do not function properly in the least graph, which
decreases to 3 in the new form. Improvement of performance is shown in item 04, 06,
07, 08, 14, 16, 17, 18, and 19.

A decrease of performance is shown by item 02 and there is no improvement shown in
the performance of items 12 and 21 (already poor items). Most items do show an
improved performance, but the results suggest that the Work mask of | construct is
relatively unstable. This could be due to the popularity of various ‘I’ items in the
contemporary business environment, which could have led to low test/retest reliability

in the | construct.
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Figure 5.8 Comparing S construct in IRCCC-S
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S Construct IRCCC-S

In the above S graphs (Figure 5.8), the old S construct is unstable in the ‘Least’ graph,
or the pressure mask. The new S construct shows improvement in the pressure mask,
but the work mask is relatively unstable in the new S construct. An improved
performance is shown in items 02, 04, 08, 09, 13, 14, 17, 21, and 24. A decrease of
performance is shown in item 03, 10, 11, 15, and 19, while there is no improvement in
the performance of item 23 (already a poor item). After the Amend A, 9 items showed
improvement, 5 items showed decreased performance, and one item remained poor.
The result therefore suggested that another amendment should target items 03, 11, 15,
19, and 23. The result indicated that, under the current S construct system, the

pressure mask and work mask were both unstable.
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Figure 5.9 Comparing the C construct in IRCCC-S

C Construct IRCCC-S

According to above graphs (Figure 5.9), ‘before’ and ‘after amendments the C
construct ‘can be considered unstable. The results suggest that C contains a construct
that no longer functions according to the original assumption. This further implies that
the items should be classified into two or three constructs instead of the one C
construct. Improvement of performance was shown in items 01, 07, 13, 15, and 16. A
decrease in performance was shown in items 04, 19, 22, and 24, while there was no
improvement of performance shown (already poor items) in item 02, 05, 10, 12, 17, and
23. There are 5 items showing improvement, 4 items showing decreases, and 6 items
remained poor. The results suggest that item 04, 19, 22, 24, 02, 05, 10, 12, 17, and 23
should be targeted for the next amendment. The full PPA GRM IRT comparison of
Amend A is in Appendix 4, on the CD.
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5.7. Results summary

5.7.1 Relationship between measurements

In most cases the method for examining item discrimination GRM-IRCCC agreed with
CPE-ICC’s result. The contamination-checking methods (KTB and RICC) yielded
similar results. The negative discrimination of all methods showed contamination, and

were generally similar, suggesting s that the methods confirmed one another.

However, there were still incidences of disagreement. The following interpretation
assumptions were made (see Table 5.34). In cases of disagreement, this study used
GRM as the primary method. The other methods (CPE, RICC, KTB, and FC-MCQ)
were used as supporting methods. However, when the majority disagreed with GRM,

the study followed the supporting methods’ interpretation.

193



Table 5.34 Summary table: Forced choice analysis methods comparisons

Methods for examine
discrimination

Method for examine
contamination

Method for
examine item
option spread
frequencies

GRM CPE RICC KTB FCMCQ

Theoretical aspects
Measurement
Sensitivities
Sen3|t|V|ty to weak Yes No No Yes Yes
item
Sensﬂmty to strong Yes Yes Yes Yes Yes
item
ltem Swing Low High High Low No
sensitivity
item contamination
Contamination detail [No No Yes Yes Yes
Item construct partially No Yes Yes No
nature
Construct strength  [No No Partially Yes, full detail |Yes
Construct dynamics |partially No Yes Yes Yes, full detail
Iltem Response
Theory
Definition of ability |(Defined by 3PL, theta )
Suitability affectlve Yes Yes Yes Yes No
psychometric
Cu§t9m made No Yes Yes Yes No
definition
Sunable_ for Yes Yes Yes Yes Yes
explorative study
Item discrimination |(Defined by 3PL, A parameter)
Item parameter Yes ‘Yes |No ‘No ‘No
Item difficulty (Defined by 3PL, B parameter)
Iltem parameter Yes ‘Yes |No ‘No ‘No
gomal Desirable (Defined by 3PL, C parameter)

esponse
Iltem parameter Yes No No No No
SDR in frequency No No No No Yes
Level of
measgrement Ordinal Nominal No assumption |Ordinal Nominal
(algorithm
assumption)

Result interpretation
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Overall method . . . .
Reliability High Median Low High High
Interpretation -
Difficulty Easy Easy Easy Easy Difficult
Practical aspects
Time Cost (with 20 minutes 1 day 1~2 weeks 30 minutes 5 minutes
current methods)

R- Itm package SPSS . SPSS
Software capable for (Royalty free), |MS excel, with E?(Iggllatlon' calculation, SPSS, additional

° capab e for |, iih SPSS ~ [SPSS data : with Excel '

performing analysis ' graphing, and |, . syntax

data refinement Human interpretation

refinement . . sequence

interpretation

Possibility of human Low Median High Low Low
error
Method reliability High Median Low High High
Total Cost Low Median High Low Low

Note: GRM=General Response model; CPE=Correlational Parameter Estimation; RICC=Raw Item
Characteristic Curve; KTB=Kendal’s Tau B ordinal correlation modification; FCMCQ=Forced choice to
Multiple Choice Question flattening model.

This study suggests that Samejima’s (1969, 1972, 1973a, 1973b, 1974, 1977a, 1977b,
1996, 1999) Graded (General) response model is the most accurate model for PPA
research, but the effectiveness of other supporting methods is not discounted. The
study further suggests that all these methods could be employed for a comprehensive

PPA analysis. The following protocol is recommended.

5.7.2 Protocol: Check list for forced choice analysis

Textual: Check for translation error. The textual error is the primary mistake of FC
analysis. When the translation does not agree with the original item it is very likely to
be non-functional. Following the original text is important, but following the original

construct is even more crucial. This step could also be the last.

Functional: Check for item discrimination index. The GRM-IRCCC or CPE-ICC
should be used when items demonstrate anything other than positive discrimination.

This result suggests that items contain other constructs or contamination.
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Dynamical: Check for contamination and item set system dynamic. The KTB or
RICC should be used and the FC-MCQ generated to support the result. The
contamination originated from poorly selected items or uncontrolled social desirable
responses. The item quality can be examined via GRM-IRCCC, CPE-ICC, KTB, or
RICC. The socially desirable response can be examined by GRM-IRCCC and FC-
MCQ.

Constructual: Check for construct functionality. Researchers should regroup items
via textual meaning and run GRM-IRCCC-S to reconfirm constructs. This would help

researchers to examine the real item functionality within the target culture.

5.7.3 Decision and interpretation of results

The current study suggests that results yielded from above the protocol can be
interpreted in the following system (see Tables 5.34~5.37) and that alterations or
amendments could be made where applicable. The current protocol places the textual

interpretation in the first level of exemption.

However, it is also suggested that all levels can be revisited when the need arises.
The support of a statistical result would increase the success of textual interpretation.
The early interpretation/alteration of the textual content could lead to subjective
judgments. It is not uncommon that mental health specialists would consider their
opinions as a representative voice of the target population. However, the current
results suggest that mental health specialists have a higher degree of education,
training, and exposure to psychometrics, and for this reason that they may not view the

items in the same way as the lay public.

It was therefore suggested that researchers should let the statistics, as the public’s real

voice, speak for itself.
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Table 5.35 Interpretation Decision system in current study

Primary method GRM
Support
Methods

Outcome Positive Flat Negative

Positive G SC SC
CPE Flat C

Negative C

No contamination | SC SC
RICC

With contamination C N N

No contamination | SC SC
KTB

With contamination C N N

Even spread I LC LC
FC MCQ

Extreme Spread SO SO SO

Note: Acronyms are interpreted in the following legend table

Table 5.36 Legend to interpret Table 5.35

Judgment Detail

legend

C Contamination: Contamination exists. However items are not entirely non-functional
Sub Construct: ltem is functioning. However, sub constructs exist. ltem should be

SC regrouped. Sub-structure should be investigated. It can also be due to incoherence of
the construct.

N Not functional: Affirmative contamination. Items are not functional. Amendment
should be followed

G Good item: Item is functional

| Ideal: Item is ideal

LC Low Contamination: There is low contamination within tetrads. However, item might
not be functioning

SO Socially Desirable item: Highly socially (un) desirable item exist within the item set.

Alteration is necessary.
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Table 5.37 Four types of outcomes

Forced choice analysis |ltem contamination (Can be identified by RICC or MTB)

Yes (item showing mix constructs) [No (item showing one construct only)

Type A: Item is functional but Type C: Iltem is functional in its

Item discrimination (Can |Yes L : X
contamination exists. optimum.

be identified by GRM-
IRCCC or CPE-ICC) Type B: ltem is poorly Type D: ltem is poorly constructed.
No |constructed. Original construct has more than one
sub construct.

5.8. Chapter summary and discussion

The current research yielded results from the old form (n=650) via classical test theory
(CTT) as well as Item Response Theory (IRT). The reliability result (ranging
0.227~0.725) suggests that the old form is relatively unstable, especially SC construct.
The construct inter-correlation suggested that the SA model still functions similar to

international studies.

This research result suggests that both CTT and IRT methods can be used for PPA
analysis and therefore can be explored in the Chinese population. The traditional item
analysis (item discrimination and difficulty index) revealed that D | construct was
functional but slightly difficult for the Chinese population. The SC construct also had
higher numbers of items that were considered as ‘too difficult to answer’ for the current
population. The IRT RICC result showed various items as problematic and suggested
Amend A (15 items for amendment, 4 02,2 04,4 04, 3 06,3 08,3 10,3 12,1 13,
3 13,3 14, 3 15,4 16, 1_18, 1_24, & 4_24). After the Amend A been conducted

CTT and IRT methods were again employed to investigate the difference.

The comparison of results yielded by item discrimination and difficulty suggested that
the new form (n=307) had improved 12 items out of 15 (80%) amended items. The
experimental Kendall’s Tau B modification analysis was also used to compare the
difference, and the result suggested that 73.3% (11 items) showed improvement, while

26.6 (4 items) were still problematic.
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The IRT Graded response model had been used to compare results. The GRM TIF
analysis showed a general improvement 1~1.5 on the test information. This inferred
that items yielded more information (higher discrimination) in the measurement process.
In IRCCC-S analysis, the DIS construct showed a general improvement by Amend A,

while C construct remained problematic.

The current study also suggested a standard protocol that could be used in future PPA
research. The protocol used the GRM model as the backbone supported with CPE,
RICC, KTB, and FC-MCQ to investigate various dynamical detail of PPA. This study
compared the theoretical and practical aspects of all the above statistical models. The
research protocol suggests four levels of investigation, which are textual, functional,
dynamical, and constructual. The four level analysis should not be considered as
hierarchical analyses, but rather as different aspects. There is no absolute order that
one should follow. They are four different types of analysis that would support one
another and provide greater understanding. The research protocol suggested that all
four levels be investigated for a better illustration of PPA functionality in cross-cultural
settings. This protocol would generate the result and support with interpretation

methods for PPA item evaluation and improvement.

However, current research was not without its own inherent issues. The 2™ sample
group (n=307) is be relatively small (n<500) for IRT analysis (Jooste, 2003), which
rendered the IRT analysis somewhat unstable. In this dissertation this part of the study
was backed up by with KTB correlation analysis (non-parametric ordinal correlation) to
avoid the risk of misinterpretation. However, the small sample could still stand as a
potential threat to the research results. This dissertation was an exploratory study that

was constructed via various small studies and statistical methods.

Although the study was an exploratory one, the use of too many small studies could
lead to a superficial analysis, lacking sufficient depth on the different sections. It is
therefore suggested that the results should be viewed bearing the above restrictions in

mind.
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CHAPTER 6. DISCUSSION

6.1. Introduction

The experience of this current exploratory study was of a very practical nature. This
method exhausted all the available routes at once. It was relatively cost effective to
gain maximum information from limited research resources and assisted practical
decision-making. However, the downside of this study was that this type of research
could yield too much information, and lead to a superficial understanding of the results.
As Chapter 3 stated, the research focus of this study is. ‘Can item response theory
(IRT) be used in forced-choice psychometric (FC) adaptation?’ However, in terms
of adaptation, this study still presents many limitations. This chapter focuses on
various aspects of this explorative study with the various limitations being introduced

via the ethical framework, followed by suggestions of various areas for future research.

6.2. Limitation of current psychometric adaptation methods

The limitations with regard to the adaptation of this study could be roughly divided into
three stages of psychometric assessment, (1) before assessment, (2) during
assessment, and (3) post assessment. Therefore this study discusses the various

problematic aspects according to these three stages.

First, ‘before assessment,’ the most important issue with psychometric research is with
regard to the issue of fair practice. The instrument needs to suggest that it has a good
theoretical grounding, reliability, and validity (Eckert, Hintze, & Shapiro, 1999). Second,
‘during assessment,” this aspect would mainly be the standardised administration
procedure or fair administration practice. Third, ‘post assessment,’ this would be the
social consequences of assessment, how the test is applied and interpreted; and the

social or psychological impact on the test taker (Eckert et al., 1999).

This research explored the possible statistical methods that can assist with the

adaptation of forced-choice (FC) psychometric techniques. However, the test was
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conducted in a Chinese setting making valid-translation the first problematic issue. In
the field of psychometric translation, the Brislin’s (1970, 1980) back-translation model
has been widely used (Eremenco, Cella, & Arnold, 2005; Lee, Li, Arai, & Puntillo, 2009;
Sireci et al., 2006; Wang & Lee, 2006). However, the current study did not use this
model only. This study also researched and developed alternative methods to examine

construct equivalence aspects.

The study focused on refining and creating methods for the practical aspects of the first
stage. This method/protocol was designed to increase the validity of translation, and
also to boost the efficiency of adapting an old test to an international setting. To
ensure the functionality of the instrument, this chapter follows the above three aspects

as a framework for discussing the possible issues of current research.

6.3. First stage: Before assessment

6.3.1 Translation equivalence

The current study compares the two Chinese translations of the PPA. However, using
immature translation forms would encounter several innate problems. Past
researchers suggested that the goal of a congruent cross-cultural translation process is
to achieve two levels of equivalence: textual and statistical: The textual level: semantic
and functional equivalence. The statistical level: differential item functioning (DIF)
(Eremenco et al., 2005; Flaherty et al., 1988; Sireci, et al., 2006; Yasuda, Lei, & Suen,
2007). The DIF methods can vary from factor analysis (Yasuda et al., 2007), logistic
regression (Sireci et al., 2006), Mantel Haenszel (Linacre, 2009; Linacre & Wright,
1987), or item response theory models (Nathanson & Paulhus, 2004; Puhan & Gierl,
2006).
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Text
superficial

Textual

- Construct
Equivalence

Equivalence

Translation
Equivalen
quivalence CTT
aspect
Statistical
Equivalence
IRT
aspect

Table 6.1 Level of equivalence in translation

The current research’s textual equivalence was only based on two bilingual
researchers’ opinions for alteration (Chapter 5, section 5.5). The amendment (Amend
A) suggestion was decided via consent from both researchers and the statistical result.
The final decision was only made when all the statistical analyses showed congruent

results.

6.3.2 Translation: Textual equivalence

The current research textual equivalence was different from the popular back-
translation adaptation model proposed by Brislin (1970). This study differed from the
common practice in the way that it operated mostly in simplified Chinese, without
English back-translation. The reason behind this was that Brislin’s (1970) model

cannot ensure that the functionality of the item still remains the same.

In Brislin’s (1970) assumption, a scale remains functional if the translation is equal to
the original setting. This assumption ignored the possibility that even though the text

was equal in meaning, it would not function in the same way in different times and
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cultures. For example, the importance of being ‘assertive’ is very different in western
and eastern cultures. ‘Assertive’ is generally considered a positive term in western
industrial culture, but as a negative word in eastern culture. Using a bilingual specialist
to translate would be more likely to retain the functionality of the scale. However, this
top-down procedure would also lead to the dilemma of selecting words not commonly
used by the target sample. Although the decision was only made when the bottom-up
statistic result also concurred, the true voice from the general public does not come
through clearly. This study therefore suggests a focus group on ‘item definition’ should

be conducted for future research.

6.3.2.1 Textual equivalence: Construct equivalence in forced choice

Early researchers raised the question of the cultural fairness of psychometrics
(Torrance, 1981, 1993). Researchers frequently suggested that all psychometric
testing is biased in favour of individuals from the dominant culture who designed the
test (Gipps, 1999; Gipps & Murphy, 1994; Wigdor & Garner, 1982). This is the first
theoretical, as well as an ethical, issue that a researcher needs to consider when using
psychometrics in cross-cultural research. Even when the equivalence among forms
can be established, it is still difficult to suggest the existence of constructs in alternative
cultures (the true cultural difference could exist) (Kim & Han, 2004; Wang & Lee, 2006).

In a psychometric study, a psychological construct is ‘constructed’ via all items’ textual
semantic interpretation and response patterns. If any fundamental elements are
different, the equivalence of construct to the original culture cannot be established.
Also, even without translation, it is difficult to assume that a construct functions exactly
the same (i.e. equivalently in all aspects) in another culture. Furthermore, when using
the FC tool, an additional facet should be noticed. The ‘popularity’ (social preference)
of each item would also be different. The alteration of this characteristic could severely
handicap the function of psychometric testing, especially for FC scale, because FC in

essence operates on preference.

Contemporary psychometric translation has progressed from the ‘meaning essential’
(Catford, 1965; Nida, 1964) to ‘multiple levels of equivalence’ (Flaherty et al., 1988; Lee

203



et al., 2009; Wang & Lee, 2006). However, to ensure psychometric equivalence and
functionality, more aspects need to be explored. In the psychometric registration
guideline of the Health Professional Council South Africa (HPCSA, 2006a, 2006c, 2008,
2009), the localised construct model is considered as important evidence that
psychometrics is still functioning within South African culture. The statistical analysis of
a construct model normally works through a confirmatory factor analysis (CFA).
However, such methodology (the original CFA form) is suggested as being statistically
inapplicable to FC psychometrics (Bess, Harvey & Swartz, 2003). Therefore, this
research cannot provide the evidence for construct equivalence in the popular CFA

form. This would be an inherent limitation with regard to forced-choice research.

To overcome the above limitation, this research suggests several methods to examine
the construct coherence, such as Kendall's Tau B (KTB) and Grade Response Model
ltem Response Category Characteristic Curve Summary (GRM-IRCCC-S). The result
of the above methods in the old Chinese translation showed that the Item Expressed
Construct (IEC) was very often different from the item Pre-Assigned Construct (PAC).
Furthermore, the GRM-IRCCC-S revealed in general that the D, |, and S constructs
functioned similarly to the original form. However, the C construct seems to be

problematic.

This result could lead to several interpretations. The non-convergent behaviour of C
items could originate from item or construct problems, or both. The poorly translated
items lead to non-convergent constructs. The construct error suggested that some of

the PPA construct could be culturally specific, instead of universal.

The result suggested that previously assumed universal PPA constructs were
subsequently found to be culturally specific. However, in the psychometrics world, it is
not uncommon in cross-cultural translation research. The well-known example was the
big-five theory. Research established that there is a true difference among Asian and
European in the big five measurements, and also found the existence of a LOF (loss of
face) construct among Asian, but which is not strongly represented in Europeans (Eap
et al.,, 2008). Szirmak and Raad (1994) also found no openness dimension in a

Hungarian sample.
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However, researchers have suggested that such differences could originate from the
ways of expression (Brown & Harvey, 2003; Eap et al., 2008; Middleton & Jones, 2000)
or response styles (Billiet & Davidov, 2008; Cheung & Rensvold, 2000; Meisenberg &
Williams, 2008; Soto, John, Gosling, & Potter, 2008).

In this research it was reported that 15 items from the old Chinese form do not function
properly (IEC=/=PAC). However, it was difficult to attribute the cause of this of IEC and
PAC to poor item structure only. The true cultural difference can originate from the
item level. An item, despite equivalence of textual translation, could still represent, and
be linked to, completely different strings of historical and cultural-system semantics.
items with the same translational meaning in two different language systems, could

therefore represent different constructs (Lee et al., 2009).

The possibility of reflecting the true difference among cultures was not fully explored in
the current study. For an item to function, the item needs to be select correctly, and
the target culture needs to able to responds correctly. This study was designed for
measuring the functionality mostly at the item level, and presumed that differences can
be dealt with at the item level. However, the ‘cultural’ part of the study is lacking in

current study. It is therefore suggested that a future study could focus on this aspect.

6.3.3 Translation. Statistical equivalence

Although it has been suggested that statistical methods for FC scales are achievable
(Harvey & Thomas, 1996; McCloy et al., 2005; Wagner & Harvey, 2003), the practical
methodology that would guarantee success for FC scale has not yet been fully set out
in the available literature. Therefore, this research was aimed at exploring a suitable
algorithmic protocol as the statistical-level equivalence benchmarking tool (as the
differential item functioning DIF tool). However, these methods have not yet been
tested by other researchers and so the results of the study may need to be validated in

further research.

Several methods (KTB/GRM/IRCCC/ICC/FCMCQ) were used to study the differences

between before and after amendment of problems.
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The difference of IEC between before and after forms could, in essence, be as a result
of the instability of the statistical method. Other factors could include the methods’
sensitivity to sample size (sample sizes smaller than 500), true sample differences, or
historical effects due to the time difference. The interpretation method is also highly
experimental and intuitive; therefore it comes with no guarantee of correctness.
Furthermore, there were no previous studies suggesting statistical equivalence of the
two forms to the original English form. It is therefore suggested that this study only be

regarded as an exploratory or pilot study.

6.3.3.1 Construct in-depth: PPA model eccentricity - CTT aspect

The Thomas PPA construct model does not come without any pre-existing problems.
The most problematic issue concerns the relationship between the S and C constructs
(Irvine, 2003). Throughout most of the Thomas’ internal studies, the SC constructs in
international studies remain at a moderate (.1~.4) level of correlation with one another
(Irvine, 2003).

This also appears to be the case in the current study. Such evidence has been
interpreted as ‘the universal stability of construct structure’ across different cultures.
However, this interpretation is doubtful due to the forced choice nature of the PPA.
The correlational result could be ‘artificially created’ from the pre-existing forced choice
options. Further, if such correlation was true, it could also reflect the fact that the SC
constructs are not ‘constructually clear’ during the theoretical formulation. The SC
constructs, instead of two constructs, are more likely to be two sub-constructs under
one ‘passive’ mother construct. However, because the correlational result for forced
choice cannot be truly accounted for due to the artificial correlational relationship
between constructs (as stated in Chapter 4, section 4.5) such a postulate is only

speculation.

Furthermore, the first part of this research study (see Table 5.2~5.5) demonstrated that
the PPA working mask does not have the SC correlation (r=-.041, p=.295). However,
the overall ‘self mask’ shares the correlation (r=.121, p<.01) that could derive from the

pressure mask (r=.141, p<.01).
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When studying the construct consistency (same construct in different masks)
throughout three different masks, it was also interesting to note that most of the DIS
constructs share moderate correlations with the other DIS constructs among the work
and pressure masks (r=.459~.577). The C construct, however, only shares a minor
relationship (r=.118) throughout all three masks. Based on the above information, it is
suggested that the C constructs within the original Chinese forms are relatively

unstable.

6.3.4 PPA model eccentricity: GRM-IRT aspect

This research was conducted under the assumption that the GRM-IRT model was
applicable to the FC-psychometric adaptation process. This research concluded that
the current method had improved on several aspects of the old form based on various

assumptions set out in Chapter 3.

The major assumption is that these improvements are only attributable to the
amendment. It is also possible that these differences originated from the current rapid
and large-scale acculturation phenomenon of Chinese culture with global, Western
industrial values. Firstly, the two sample groups were collected separately in an
interval of 4~1 year (s) (first. 01/04/04~01/11/07, second. 03/11/07~20/05/08), the
amount of acculturation/globalisation change during an economic/information boom-
time in China could be larger than expected, and this aspect should therefore be given

serious consideration.

The improvement might also have originated from the cultural-shift in the macro
environment, instead of the proposed method in the current study. Also, the difference
between the English and Chinese forms could indicate the true difference between
cultures, instead of translational non-equivalence (as stated in Chapter 3 Area C, E.1,
and E.2). This study therefore suggests that researchers could target a further

refinement of the above issues.
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6.3.5 Research limitations

Firstly, the current study presented a fundamental threat; too many methods of
analysis were used. This research involved four CTT methods and five IRT methods.
The CTT methods were. Cronbach’s Alpha, discrimination index (D), difficulty index (P),
and correlation (r). The IRT methods were. RICC, KTB, GRM, FCMCQ, and CPE. In
the five IRT methods, four (RICC, KTB, FCMCQ, & CPE) were experimental methods.

Secondly, the research structure was too complex, comprising two parts and two
families of methods and it is also potentially jeopardised by too many assumptions.
Chapters 3 and 4 presented various postulates and assumptions, the validity of which
have not yet been investigated in any depth. In the results, Chapter 5, it was merely
suggested they have some validity because of their similarity to results obtained with
other established statistical methods. However, validity of these methods should be

investigated in more depth.

Timeline
i

aidtorm?® onte AMENIA

PART Il

Methods
Data from both Partl been used
and Partll are used, GRM
and various statistical neees
methods are used to examine | ITr
the Difference of result KTB
CTT:a,D.P

Figure 6.1 The research process

Thirdly, standardisation of the research is negatively affected by changing the
research methods. Research methods such as RICC methods are different

throughout Parts | and Il. The original RICC method was only conducted in Part | and
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replaced by the RICC-CPE method in Part Il (see Figure 6.1). Although data of both
Parts | and Il went through RICC-CPE analysis for a comparison result, the original

RICC was only conducted in Part I.

Despite the fact that methods such as KTB, CPE, and FCMCQ were constructed to re-
examine the results, they were not used in Part I. The Amend A was purely a product
of the original RICC and item analysis. The original RICC method was removed from
the research in Part Il mainly due to the high time costs of manual interpretation. In
Part Il, the original RICC form was replaced by the relatively efficient RICC-CPE form,
and supported with KTB and FCMCQ. Although the result suggested a general

improvement, it could be a reflection of the methods and not a true improvement.

6.3.5.1 Result interpretation

This study was aimed at exploring various areas of the topic, and therefore contained
too many analyses. However, the true practical strength and weakness, and actual
applicability cannot be known before the research. Therefore this research selected
various methods, and ended up with the knowledge that some of the methods are very

impractical and should be excluded in the first place.

The impractical methods as RICC, CPE, and alternative forms of correlational methods
(Pearson’s r) that used to re-confirm the result of Kendall's Tau B (KTB). To shorten
the research process, these methods should be excluded. This is probably the most
valuable knowledge gained from this explorative study. The above methods were also
created to aid the understanding and confirmation of other methods, such as RICC,
CPE, and KTB. However, the inclusion of multiple results could lead to superficial
explanation and discussion. On the other hand, there were still areas not fully explored
by this study, such as the full mathematical logic underlying IRT, various IRT
assumptions such as unidimensionality, ability estimation, 2PL, 1PL, and Rasch’s

models. The true mechanism of IRT in FC testing also still needs to be explored.
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6.3.5.2 Sampling

Unclear sampling frame: APA psychometric standard suggested that selected
samples should be sufficiently representative of the target population (as cited in CSPB,
2003). In this study a sample of n=650 was collected in the first part of research and
n=307 in the second part of the research around the Beijing area. Various details of
the sampling frame remain unclear, and as a result this research has only limited
biographical information about the respondents. The age group and original province
were not provided in these data (see Chapter 4), and these could both be important
indicators of the type of Chinese dialect used by the respondents. The age group
could also indicate the level of familiarity with the official Chinese dialect (Beijing),

which differed at times due to changes in education styles.

The Chinese language system contains many different dialects (Hashimoto, 1973) that
could represent fundamentally different cultural views (DeFrancis, 1990). Individuals
working in Beijing would all use and understand the official language (Beijing dialects).
In China’s official educational system, individuals from all provinces and major cities
(except Hong Kong) would be taught to read and write in Beijing dialects during
elementary and high school education (CERN, 1956). However this could still be a
potential threat to the validity of the study. Therefore, the influence of these variables
on current findings cannot be excluded. Readers should examine the findings
cautiously bearing the above warning in mind. The general profile of the sample
probably represents white-collar inhabitants near the Beijing area more than the

general Chinese population.

6.4. Second stage: During assessment

6.4.1.1 Administration method

The current study’s integrity was also endangered by non-standardised forms and
administration methods. According to APA psychometric standard, the
administration procedure and test user’s qualification should be standardised (as cited
in Kaiser & Smith, 2001).
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Although all administrators received a Thomas’ administration training, this does not

completely guarantee the quality of the test administration.

All Thomas psychometric administrators were given oral/telephonic/written briefs
regarding the objectives and time frame of the tests. They were also given one item as
a practice to check their understanding, prior to the actual test. However, there were
still minor differences. Although the A25 and the C7 form series are textually
equivalent, the data was originated from different types of assessments. Some forms
were administered for recruitment and some for development; some were completed
online and others via fax. Some tests were conducted by external personnel (although
all had been trained in the Thomas system, not all were qualified mental health
professionals) under different conditions and in different environments. It cannot be
excluded that various types of administration methods and purposes would influence a

subject’s interpretation of the terminology and how to apply them.

6.5. Third stage: Post assessment

6.5.1 Feedback

In a normal Thomas process, a textual report would be generated through the Thomas
software system as the feedback report. Textual interpretation would be given via a
mental health specialist (clinical, industrial, counselling, or educational psychologist
and psychometrcist). As an extra incentive, candidates participating in this study would
receive a textual report emphasising that this was for research purposes only. No
verbal feedback would be given. Although candidates had received the report clearly
stating that it was for research purpose only, Thomas International was unable to limit

usage of the report in China.

The actual application of the textual report is entirely dependent upon the integrity of
the test administrator. This poses the potential threat of using an un-validated test
report for industrial purpose, such as candidate selection. The study therefore

recommends that the test reports should not be generated for the future research.
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Further, according to the current psychometric quality of the CPPA, it is not suitable for
practical purpose, and application of the CPPA should be limited to developmental and

research purposes via qualified mental health professionals only.

6.6. Future research

Based on this study, it is recommended that for future PPA-IRT research, the sample
size should be at least 500 or more. An English dominated sample should be gathered
to ensure the stability of the result. This study also suggests that GRM, KTB, and
FCMCQ are the most efficient methods for conducting future studies. The
mathematical details and logic of the GRM should be further explored, and the true
level of measurement of FC should also be examined to ensure that correct statistics
are used. Other models and various assumptions should also be explored, such as
Rasch, 1PL, and 2PL models. In addition, the various assumptions such as
unidimensionality, ability estimation, and true implication of MMLE in FC should be
investigated. Furthermore, the current research was inspired by the question of
universal applicability of psychometric across time, culture, and language, and how
psychometric methods could be developed to counter various SDRs (social desirable
responses). The true ability of FC to deal with the above two major issues was not
answered in the current study. It is therefore suggested that experimental study should

be conducted to further investigate the above issues.

6.7. Concluding remarks

Much of this study focused on the ‘before’ and ‘during’ assessment areas and was
explorative in nature yielding large amounts of result data. The product of this study
was a research protocol indicating what would be efficient and beneficial for future
research. However, this study was also threatened by the superficially large amount of
assumptions rooted in the very nature of exploratory research. The value of the current
research still needs to be reconfirmed by future research. It is hoped that the current
study will provide a starting point from which future studies might continue such further

expoloration.
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APPENDIX A

Mathematical expression (refer to section 4.9)
Definition of axis

o _ Cf+5(F)
N

x100% ; Y =P(R,)

cf, =Cumulative frequency of all scores lower than the score of interest
f. =Frequency of the score of interest

N=Number of examines in the sample

P(R, )=Probability of target response type of a particular point of percentile rank

Parameter estimation (refer to section 4.9)

__oh(0)0
P20 = b (0)00
For testing the existence of such relatioship
P(6)=bb+a
for slope perdiction and intercept
with Ogive value 1.7 of slope
C=minimum probability (y intercept or minimal data)
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Plotting formula (3PL) (refer to section 4.9)

eDa (0-h)

Pi(e):Ci +(1_Ci)l+e

Da; (6-b;)

(Formula 1.1) (Baker, 1992; Lord, 1980a)

i =item
a, = Item Discrimination Parameter. (Item's abitliy to discriminate high-Low DISC individuals)
C, = Pseudo-chance Parameter (Chance of response M, L, and no respose

without DISC construct score)
b. = Difficulty Parameter (Strength of DISC item Parameter, when item pass 0.5
D =1.7 (constant value, a scaling factor introduced to make

the logistic function as close as possible to the normal ogive function.)
P.(6) = Probability of correct response
(Probability of Response, response can be M, L, and no response)
6= Ability (Strength of DISC construct)

IRT modification of Chi Square Goodness of Fit (refer to section 4.9)

K (O —E )
IR = ) e

i=1
O, = Observed response probability of selected response

E,= Expected response probability of selected response for target ability (Hj) via

current parameter estimation method
df=(r-1) x (c-1)

According to Baker (1992), the ability value can be roughly estimated from the Z score.

The formula can be expressed as following.
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Ly =o(0,-F) (4-9)

¢9j =|— |+
Q;

This value is used as an indication of ability (¢9J. ) in the current study.

Zij :[Hj _ﬂi]:ai(ej _,B,)

Mathematical expression of GRM in R (Rizopoulos, 2006). (refer to section 4.10)

P(Xn=klz,)=90n) - g(ﬂi,m),

(4-10)
M =0 (Zy = fi)s k=1 K,
B << By << By ; B, =®
Xim = Ordinal manifest variable with K; possible response categories.
Ki = Number of Response Categories (i.e. For PPA, 3 response categories, M, blank, and L)
Z, = mth respondent (candidate) in the latent trait continuum, represent
ability 0,
o, = Discrimination parameter

By = Extremity parameter with £, <...<fy <..< B, ; By =. The cut-off point in

the cumulative probabilities scale
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Above mathematic is expressed as “grm( )” in R syntax language.
MMLE in general: (refer to section 4.10)

The formula for the mth sample unit is:
(1(6) =10g p(x,;6) =log [ p(x,[2,:0)p(z,)dz, (4-11)

p(:) = Probability density function

Xy = Vector of responses for the mth sample unit.
Z, = Latent ability that is assumed to follow a standard normal distribution and
0=(a. /)

MMLE GRM specification in R. (refer to section 4.10)

log [#j = i~ Bz (4-12)
ik

Vi = Cumulative probability of a response in category kth or lower to the ith item,

given the latent ability z.
K = kth options within an item
i = ith item on the list

Z = latent ability
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