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ABSTRACT

The ever increasing need for Information globally is a primary
reason for the scores of daily usage of IR system. Therefore
there is a need to evaluate the system from a more holistic
perspective — of both the system and the user. At the moment
system-centered measures are not usable for the user-centered
approach. Therefore, this paper attempts to determine and also
suggest measures as well as methods to meet this need. The
factor analytic technique was experimented for this purpose, and
the structural equation modeling technique was used to estimate
the resultant model. Results show that the study demonstrated
high significance. Hence, the statistics presented is capable of
inspiring further work in IR systems’ evaluation from user’s
perspective.
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1. INTRODUCTION

IR systems are concerned with the searching for documents; for
information within documents; and for metadata about
documents, as well as that of searching relational databases and
the World Wide Web [39]. It is a key technology for knowledge
management, which guarantees access to large corpora of both
structured and unstructured data [2]. This field includes web
search engines, hypertext, database and other search facilities
embedded in, for example: web shops and even desktop
applications [14]. Today, web search engines are even the most
visible IR applications [39], hence its use in this study. It is the
basic technology behind question and answering systems [15],
and recently it has been introduced in the implementation of
natural language processing systems [1]. It has also become an
everyday technology for many web users, since it has to do with
the storage and representation of knowledge and the retrieval of
information relevant to a specific user problem [2] or
information need. Systems with these abilities are often known
as Information retrieval (IR) systems. These systems allow
millions of users of the web and other applications (in which
they are embedded) to express their information needs as
queries, with the expectation of feedback as response to their
queries. According to [2], user’s queries are often compared to
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document representations, which are extracted during an
indexing phase, with the most similar documents presented to
users who are expected to evaluate their relevance with respect
to their information needs and problems.

The goal of an IR system is to locate relevant documents in
response to a user’s query [4]. Hence, in a broad sense, it entails
the process of finding information that satisfies a user’s need
[3], [4]- Nevertheless, IR systems and their evaluation have
increased in importance. It has become a very active area of
research and development with continued information
explosion. This has been fueled by factors such as: The
emergence of the internet; digital library initiatives; the volume
of web pages in the World Wide Web and the ever increasing
information need of users globally [6], [4]. Therefore the need to
evaluate this system more holistically cannot be overlooked.
However, IR system has been evaluated so much using the
system-centered approach (SCA) [5], [6], [9], and [1], with little
attention paid to the use of the user-centered approach (UCA).
As a result there are standard measures [6], [11], [12], [13] only
for evaluating the system from the system perspective. As
buttressed by [2]; arguments are rife regarding the fact that user-
oriented evaluation is extremely difficult and requires many
resources. This is in view of the reason that in order to evaluate
the individual aspects of searching and the subjectivity of user
judgments regarding the usefulness of searches, almost an
impracticable effort would be necessary. As a result IR system
evaluation experiments try to evaluate only the system [2]. This
is often from the system’s perspective, with the user being
assumed as an abstraction and not a real user. In order to achieve
this, users are replaced by objective experts who judge the
relevance of a document to one information need according to
Mandl. This evaluation methodology is still the evaluation
model for modern evaluation initiatives [2].

But these initiatives, which entails the use of the SCA to
evaluating IR system has failed to address issues from user’s
perspective. This has brought about challenges and dearth in
usable and reliable parameters for use in the UCA to evaluating
IR systems. As a result there is the need to both understand and
present usable measures (factors) as well as method of
assessment for carrying out user-oriented studies. That there are
new heterogeneous requirements and changing necessities of
information needs, which must be coped with and accounted for
and that there is the need for new approaches [2] to IR system
evaluation, further emphasizes this need. Moreover, to achieve a
system that meets the overall purpose of IR system design,
which is to satisfy the need of the user [24]; its evaluation
should be holistic. That is considering all the factors there is,



whether for use in the SCA or UCA, or for both. But so far this
is only true of the SCA. Yet both approaches have been
acknowledged and recommended in literature [3], [5], [8], [9],
[11], and [12]. Thus the need to strike a balance is germane for
the overall good of the system; so the system can better achieve
its overall aim; and be the more accepted.

Therefore the purpose of this paper is to first propose measures
that will be usable for the user-centered approach to IR system
evaluation. Secondly, propose both the approach and method
employed for measures assessment. Additionally, the results
presented are generalizable. This is based on the fact that they
are from real life IR system (search engines) and users, and were
empirically tested. Section 2.0 contains the specific objectives
needed to pursue the aim of the paper. Both the literature review
and related works are in section 3.0. Issues that borders on
methodology are discussed in section 4.0, while section 5.0
contains a lucid discourse on data analysis and results. The
paper ends with a conclusion in section 6.0.

2. SPECIFIC OBJECTIVES OF STUDY

In view of the fact that the need to make available usable
measures as well as method of assessment for carrying out user-
oriented studies in IR system evaluation still remain an issue to
be addressed; two specific objectives were pursued. This was
with a view to achieving the overall aim of this paper. The
objectives were to: First Identify, characterize and assess new
measures from users’ perspective for IR system evaluation from
user’s perspective; and secondly test and verify the measures
identified and suggest them for use.

3. LITERATURE REVIEW AND
RELATED WORKS

[7] was the first to report that the process of evaluating IR
system can be classified into two: The SCA and the UCA to IR
evaluation. Also, [5] reported that a total of six (6) separate
levels can be gotten from the two classifications, namely: The
engineering (ENG) level, the input (IPT) level, the processing
(PCS) level, the output (OPT) level, the user and use (UAU)
level, and the social level. While the SCA basically covers the
first three levels, the UCA consists of the last three levels. Both
[7], [5] argued that a paradigm shift in IR evaluation is needed
from the SCA to the UCA. This has since been a challenge in
the area of research on how best to evaluate IR systems. The
challenge is in two fold: A shift from the system-centered
paradigm orientation to the user-centered paradigm orientation
of evaluating IR systems; then secondly, how to integrate results
from these two paradigms, so as to achieve a better holistic
approach to IR system evaluation. With this it is expected that a
more comprehensive picture of IR performance would be
established and as a result dangerous blind spots or gaps in
research and development in the area of information retrieval
(IR) would be avoided [5]. The second challenge has been well
attended to in one of our papers, but in this paper the focus is
primarily a contribution towards the first challenge.

The criterion of relevance as an objective, which is still been
measured using precision and relevance (now known as recall)
was first proposed by [17]. These metrics and objective has
since become the staple of IR evaluations, even till now [5],
[11], [16], [13], for use in the SCA. Other variants of precision
and recall have been developed for the evaluation of IR system
performance, namely: FHR (first hit success), FARR (first
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answer reciprocal ranking), TRR (total reciprocal ranking),
Harmonic mean (a.k.a. F-measure), Novelty, the E-measure, RR
(relative recall), RHL (ranked half-life), CG (cumulative gain)
and the measures of (discounted) cumulated gain ((D)CG), and
others [11], [12], 13]. All these measures are usable only for the
SCA and have been well explored for IR system evaluation from
the system perspective.

Nicholas J. Belkin [9] cited one of the proponents of IR, and
said, “Already in 1988, on the occasion of receiving the ACM
SIGIR Gerard Salton Award, Karen Sparck Jones argued that
substantial progress in IR was likely only going to come through
addressing issues associated with users (potential or actual) of
IR systems, rather than continuing IR’s researches almost
exclusively focused on document representation and matching,
and ranking techniques”. This has been achieved almost a ton
times and over, under the evaluation of IR systems, using recall
and precision, and other related measures earlier stated in the
SCA to IR system evaluation. [9] thus maintained that attention
should be given to evaluating the system based on “the degree to
which it benefits and support the user”, as well as also examine
other user related issues. As a result, this he said will bring about
increase in usefulness, usability and pleasurability of IR use [9].

Despite this call, even current works such as that of: [18], [19],
[20] and others, still focus on the use of the SCA for IR system
evaluation. Likewise [11] also confirmed that the traditional IR
system uses recall and precision to measure performance. In
their work, the IR system under consideration was a web-based
system. Although, there was an element of “user effort” being
incorporated, it was only added as one of the evaluation criteria.
This was only a tiny slice of the main criteria and as such the
focus was still system-centered and not user-centered. In fact the
main objective of the effort was how the system carried out its
ranking processes according to a set of techniques. These
techniques included the proximity of the algorithm use and the
probabilistic phrase ranking technique used by the system [21].

The utility [22] of a retrieval system has to do with the
difference between how much the user gained in terms of useful
information, and how much the user lost in terms of time and
energy. The traditional SCA to IR system evaluation lack this
concept of utility. Although this was idealized in the work of
[22]; first, it was not sufficiently done; and secondly the SCA
was employed for the system’s evaluation. With the SCA,
search effectiveness [22] became the focus instead of user utility
(user happiness/satisfaction). Thus the SCA status quo was still
maintained.

[23] proposed a set of measures to evaluate search engine’s
functionality overtime. According to him, the evaluation criteria
(precision and recall) and it variants used in the SCA are not
sufficient. The reason being that web search engines operate in a
highly dynamic, distributed environment, hence criteria and
metrics so far used “are not sufficient in evaluating an IR system
in a holistic manner. As a result the need for additional criteria
especially to assess user utility: That is the degree of user
satisfaction, which the user of a system derives as a result of use,
is inevitable.

[13], in their effort investigated the quality aspects of IR system
using the concept of ontology. This added complexity in terms
of user interaction. However, standard IR metrics (recall and
precision, and its variants) were not feasible to measure user



satisfaction (utility), which resulted from the level of interaction
introduced.

[1] proposed a model of evaluation that was used to successfully
assess Question and Answer System (QAS) from user’s
perspective. The QAS is a type of IR system that is domain
specific, since it captures questions from particular domains,
such as Medicine, Engineering and so on. They are meant to
influence the knowledge of users. But other IR systems, like
search engines do not influence the knowledge of their users,
except that they assist them to locate documents and leave the
user to sieve the document for relevant information, depending
on their information need. Their effort yielded a 4-factor, and
18-item model for measuring user satisfaction (US) in QAS. The
four primary dimensions (metric/factor) used were: ease of use,
usefulness, service quality, and information quality. The
limitation of the work stems from the fact that a single snapshot
approach was employed; that is only one type of QAS was used,
and the sample used for study was insufficient. However, the
work provided some of the much needed lead in this paper.

Another related work is that of [24], where the attempt was at
evaluating Information-seeking support system (ISSS). It is also
a type of IR system, which focus is beyond just search and
retrieval, but that found information is used to better peoples’
lives and assist them toward the attainment of high-level
learning objectives such as analysis, synthesis, and evaluation
[41]. First [24] attended to the dilemma of how to assess
Information-seeking support system (ISSS) giving the complex
nature of both the system and the human environment in which
they operate. This led to the second challenge, which is the
limited availability of intricate metrics to assess the system.
Methods such as Factor Analysis (FA) and Structural Equation
Modeling (SEM) were used to assess the system using the User-
centered paradigm as done in the work of [1]. This also provided
another lead for this work. In the work, they used SEM to
evaluate a six-factor scale of user engagement, and thus
confirmed the presence of factors, such as: Aesthetics, Novelty,
Involvement, Focused attention, Perceived usability and
Endurability, and the predictive relationships among them. They
also reported that techniques such as FA and SEM facilitate the
assessment of varied, multiple, or simple measures needed for
use in UCA. The work however, concluded with the assertion
that if FA and SEM are used correctly, they would lead to the
creation of metrics for a more holistic evaluation of ISSS. Both
the efforts of [1] and [24] employed the user-centered paradigm.
This paper derives from them in terms of approach in order to
suggest measures for IR system evaluation using the UCA, from
user’s perspective.

4. METHODOLOGY

4.1 Scale items

As already highlighted the procedures employed by [1] and [24]
was used in this study. These procedures are also prescribed in
the work of [26] for scale development. As a result, a thorough
literature search within the body of information system, which
includes that of information retrieval, was conducted. This was
done considering the objectives of this paper as stated in section
2. The literature search resulted in the choice of several items.
This is with a view to retaining and suggesting them if certified
okay using de facto standards as suggested using the work of
[1], [24] and [10]. The items adopted were from previously
published scales, as used in [27] and [25], but from within
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Information system and specifically IR system literature. These
multi-items were all measured on a five point likert scale,
ranging from 1 (strongly agree) to 5 (strongly disagree). In order
to purify the scale a pilot study was conducted. Since, each of
the items were used in previously standardized and validated
scales, this was to ensure that the scale will measure exactly
what it is meant for. Result of the study showed that the
Cronbach alpha coefficient (CAC) range from 0.70 and above.
This confirms that the scale was okay for the exercise, as
affirmed by the work of [1], [27] and [10].

4.2 Data collection

The overall aim of this study was to assess measures from user’s
perspective, and with a view to suggest them for use in the UCA
to evaluate IR systems. First, as a user-oriented study, users
were identified as the main actors in the evaluation process and
space. Secondly, survey method was used to collect data from
those who have used one or more search engines (IR systems)
according to the suggestions of [10] and [1]. The measuring
instrument (MI) used was administered within and outside
Nigeria. Both hardcopy of the MI and online survey method
were used to elicit data from users within and outside the
country respectively. A total number of 250 valid responses
were used. As suggested by [28, 29], this number was sufficient
to perform the necessary factor analytic (FA) process for the
needed data analysis technique as required based on the
objectives of the paper.

S. DATA ANALYSIS AND RESULT

5.1 Communality and eigenvalue statistics
The first statistics generated were the communality and the
eigenvalue statistics. This was with a view to satisfying the first
objective of this paper, which is to identify and assess new
parameters in order to suggest them for use. As a result the
communality value was generated to show the degree of
contribution of each of the items presented based on user’s
assessment. By this the items selected and presented were
identified in terms of their degree of contribution to assessing a
component or measure. Threshold points as suggested by [30]
considering their conclusion on communality values, which
should be from between 0.40 to 0.70 was used. Thus the reason
for the choice of >= 0.5 as the threshold point for this study. For
eigenvalue result threshold of 1.0 and above was used as
suggested by [1]. Below in Tables 1 and 2 are the result of
communality values and eigenvalues respectively.

Table 1. Communalities Values

Communality (TP >=0.5)

IC Inmitial Extraction | IC Initial Extraction
Cl 1 .617 R1 1 755
C2 1 .673 R2 1 .841
C3 1 .625 S1 1 873
C4 1 764 S2 1 .833
Al 1 763 Gl 1 749
A2 1 .524 G2 1 784
F1 1 .631 Ul 1 173
F2 1 .609 U2 1 .800
El 1 702 U3 1 .897
E2 1 .769 U4 1 821
E3 1 758 us 1 .826




Communality (TP >=0.5)
IC Initial Extraction | IC Initial Extraction
E4 1 789

E5 1 .654
E6 1 .698
T1 1 710
T2 1 .706

TP (Threshold point) and IC (Item code)
Table 2. Eigenvalues before extraction

ESOSL
C Total %OV C%
1 14926 39.278 39.278
2 3.146 8280 47.558
3
4

2226  5.858 53416
1.799  4.733  58.149
5 1.522  4.005 62.154

Extraction Method: Principal Component Analysis
C (Component), %OV (% of Variance) and C% (Cumulative %)

5.2 Statistics of Factor Loadings (FLs)

The factor analytic technique was employed to extract all the
items presented for this exercise, since according to the result
presented in section 5.1 above, they scaled the cut off
(threshold) point. Then, items that did not load strongly on any
factor (values below 0.5) or had cross-loadings, were eliminated.
In the work of [1], four decision rules were suggested, which are
widely used and were adhered to according to [1]. The rules are:
Ensure a minimum eigenvalue of 1 as a cut-off value for
extraction; retain items with a factor loading (FL) of all factors
greater than 0.5; assume only a simple factor structure; and for
the sake of parsimony, delete factors with single-item. These
rules form the bases, on which the result presented in Table 3
below was accepted. As a result a total of four (4) items were
deleted. This was with a view to improve both the convergent
and discriminant validity of the items presented for the study.
From the Table 3 below, component 1 based on items (R1, R2,
S1, S2, Gl and G2) becomes System‘'s Dependability;
component 2 usefulness base on items U1-5; component 3 ease
of use base on E1-6; component 4 users’ information need base
on C1, T2 and component 5 system satisfaction base on C2-4
and F1.

Table 3. Summary of rotated factor loadings

C Items FLs (> 0.5)

1. R(1,2;S1,2); 742,.7777; .803,.809;
G (1,2) 648, 656
2. U(1,2345)  .752,.793,879, .846, .840

3. E(1,2,34,56) .699,.749, 642, .706, 756,
692
4, C1; T2 502; .558

5. C(234);F1 682, .658, .773; .595

C (Components), FLs (Factor loadings)
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5.3 Model’s Estimation

5.3.1 Measures’ and Item’s Assessment

With the results of FLs presented in Table 5.2 above, a
hypothesized factor structure (FS) was arrived at. The FS
presents a five (5) component (measure) and 23-item model. To
further ensure a non-controversial FS, CFA was used to test the
model’s validity and reliability. This was necessary since
according to [31], EFA cannot be used to make inferences. Thus
the result presented in Tables 4 and 5 below allow for proper
statistical inferences. While Table 4 presents the result of the
measures’ (component) reliability and validity, Table 5 does for
the reliability and validity of each of the individual item that
form the resultant model.

Table 4. Result of model’s reliability and validity 1

M CR(0.6)  AvE(0.5)
System‘s 0.71
. . 0.65
Dependability
usefulness 0.55 0.71
Ease of use 0.72 0.76
Users’ information 0.80 0.63
need

System satisfaction 0.75 0.66

M (Measures), (CR) Composite Reliability and
Average Variance Extracted (AVE)

Table 5. Result of item’s reliability and validity 2

IC FLs IIR IC FLs IIR
SD1 0.50 0.30 E2 0.75 0.56
SD2 0.68 0.46 E3 0.79 0.62
SD3 0.66 0.43 E4 0.88 0.77
SD4 0.77 0.60 E5 0.85 0.72
SD5 0.84 0.71 E6 0.84 0.71
SD6 0.59 0.35 ull 0.71 0.50
Ul 0.70 0.49 UI2 0.76 0.58
U2 0.75 0.56 SS1 0.79 0.62
U3 0.64 0.41 SS2 0.88 0.77
U4 0.71 0.50 SS3 0.66 0.43
us 0.76 0.58 SS4 0.77 0.60
El 0.69 0.48

IC (Item code); FLs (factor loadings > = 0.5) and
IIR (individual Item Reliability > = 0.4)

The statistics generated and used to test the reliability and
validity of the model were FLs (factor loadings); Average
Variance Extracted (AVE); Composite reliability (CR) and
Individual item reliability (IIR). Moreover, these parameters
have been used in recent studies to test the validity and
reliability of models formulated using measures with their items
[10], [6], [1] and [27]. Similarly, this informed their use in this
study. While the statistics presented in Table 5.3.1a is the result
of the assessment of the proposed measures’ validity and
reliability; the second result in Table 5.3.1b is the result from the
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assessment of the reliability of each of the items. This was to
further test the reliability of each measure in order to determine
their suitability for use in IR system evaluation.

5.3.2 Model Assessment

The five (5) measures and the twenty three (23) items assessed
so far forms a measurement model. This measurement model
contained 23 items that describes 5 measures (components) as
earlier mentioned. The model was evaluated using the structural
equation modeling technique (SEM). The result presented in
Table 6 below shows that that the model has a goodness of fit
with the data used.

Table 6. The overall fit measurement of the model

Goodness of fit Statistics

GOFI SRV AV
x2/df <=3.00 2.78
GFI >=(.9 0.091
NFI >=0.9 0.097
NNFI >=0.9 0.093
CF1 >=0.9 0.089
RMSR <=0.05 0.046

RMSEA <=0.08 0.066

GOFI (Goodness of Fit Indices); SRV (Standard Recommended Value) and AV
(Achieved Value); x*/df (Chi square/degree of freedom), GFI (Goodness of fit
index), NFI (Normed Fit Index), NNFI (Non-Normed Fit Index), CFI
(Comparative Fit Index), RMSR (Root Mean Square Residual) and
RMSEA (Root Mean Square Error of Approximation)

With this result it was further confirmed that both items and
measures satisfy the required standard for measures
construction. Also confirmed, is the validity of the method used
for both measure’s and item’s assessment. Since, the results
arrived at is in consonance with the de facto standard under SRV
column in the Table 6, then it follows that both measures and
items are reliable.

6. CONCLUSION

The overall aim of this paper is to assess measures from user’s
perspective and with a view to proposing them for use in the
user-centered paradigm for IR system evaluation. A follow up to
this is to suggest both the approach and the method used for the
measures assessment. This is underpinned by the fact that the
measures achieved based on the result obtained and presented in
this paper are the reflection of multiple items, which are
dependent on user’s response (assessments). Thus the only way
to continuously employ these measures and ensure valid results
is to use analytic methods that can handle multi-items. The
factor analytic (FA) method is therefore suggested in this paper
for use, in the user-centered paradigm for IR system evaluation.

Like [24] put it, the FA method; enable researchers to examine
different types of user related data on user’s attitudes, observed
behaviors, and even system performance, and so on. [31] also
reported the use of the method to evaluate a six-factor scale of
user engagement; and thus confirm that measures, such as:
Aesthetics, novelty, involvement, focused attention, perceived
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usability, and endurability, are well suited for such user related
studies. Other researchers, such as [29], [32], [33], and [34] have
also confirmed this suitability vis-a-vis its use in measurement
model’s validation. This was with a view to demonstrate that the
variables (items) being measured accurately reflect the desired
measures (factors), before assessing the related structural
model’s validity if need be. This is mostly the case when the
need to assess how a measure influences others or vice versa.
However, this is not one of the objectives of this paper; hence no
structural model was presented.

The statistics generated as presented in section 5. above based
on the methodology used, showed that the five (5) measures
(System‘s Dependability, usefulness, Ease of use, Users’
information need, system satisfaction) arrived at are valid and
usable for further use in the evaluation of IR systems. In terms
of wvalidity and reliability the S5-factor and 23-item model
presented in this paper hold a lot of promise in terms of
significance. To ensure this, defacto standard were followed. In
Tables 1 and 2 a threshold point (TP) of >= .50 and >= 1.0 were
used, and the result presented showed that for all the items
presented for further FA exercise were all above the standard
TP, while others below TP were dropped. Also, in Table 3, a cut
off point (CP) of > 0.5 was applied to arrive at the FLs
presented. In the same vain, in Table 4 the TP used for CR and
AVE were > 0.6 and > 0.5 respectively. Similarly in Table 5 CP
and TP used were > 0.6 and > 0.5 respectively. Thus, it is clear
from each of the Tables that none of the items or measures score
below these cut off or threshold points. The total items presented
for further FA analysis were 27. But after going through the
statistical regour of the FA technique, 4 of the items were
dropped. The purpose was to ensure that parsimony is avoided
in keeping with the standard in literature as it is in the work of
[1], [35]. Hence, the remaining 23 items were used to construct
and establish the 5 new measures (System‘s Dependability,
usefulness, Ease of use, users’ information need and system
satisfaction) proposed in this paper for use in the UCA. Having
established the reliability and validity of the measures and
individual items as shown using the result in Tables 4 and 5, it
was important to estimate the model using SEM technique. The
result of the resultant measurement model’s goodness-of-fit
presented in Figure 1 below, using SEM demonstrated a very
reasonable degree of confidence that is promising and
significant. While x*/df = 2.76 and GFI = 0.931; NFI, NNFI,
CFI, RMSR and RMSEA are 0.971, 0.931, 0.991, 0.041 and
0.069 respectively. All these values satisfied the benchmark
recommended in literature [40], which is showed in Table 6
under SRV column. This assessment criteria has been used in
some studies [25], [10], including very recent ones [36] and [37]
to confirm a measurement model’s validity. Thus, all constructs
had strong and adequate reliability and discriminant validity.

This paper is not without some limitations. The sample size
(250) employed in this paper, although satisfies the
recommended size in literature [28, 29], more samples are
needed. This will further strengthen the sample space, thus
ensuring a wide audience of respondents. There is also the need
to design evaluation exercises of the system that will include the
assessment of factor (measures) that influences others based on
relevant hypothesis. This is left for future work. Both items and
corresponding measures suggested in this paper and the methods
used for achieving them remain valid contribution to this area of
research. As a result, the paper provides a possible way out of
the situation described in the work of [2]. Their argument was
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that users were often assumed as abstraction, and therefore
excluded from the process of evaluating the IR system that was
designed to satisfy (help meet) their information need, according
to [38]. In conclusion, this paper is capable of inspiring as well

0
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as blaze the trail for further work in the evaluation of IR systems
from user’s perspective using the user-centered approach, as the
result presented showed.

SS1 SS2
¥ UI1 El E2

E3 || Ul U2

SD2 SD3

¥

=

(3
v r'd v ¥ Y v
T I T T R e

Fig 1: The measurement model and SRV:
x*/df <= 3.00; GFI>=0.9; NFI >=0.9;
NNFI >= 0.9; CFI >=0.9; RMSR <= 0.05

and RMSEA <= 0.08
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