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Abstract

Construction material waste is any form of matedal other than earth material that cannot be used and has to be removed from the site
(Ekanayake and Ofori, 2000). Material waste generated during construction work means the loss of matedal and the requirement for its
removal from the site. Aiyetan dan Smallwood (2013) and Fadiya. et al. (2014) quantified contributions from several non-value adding
activities (NVAAs) as causes of material waste. A study by Mahamid and Elbadawi (2014) showed the importance of quantitative
information on waste and NVAAs. Haryanto (2011) and Bahr (2015) reported that NVAAs commonly occurred in building projects in
South Kalimantan. These results, however, have not produced any models that fit data representing the relationship between material waste
and NVAAs. This paper presents a work on modelling the relationship. The resulting mod ill be useful for understanding factors
contributing to the relationship and predicting the behm%r of material waste generation. The method consists of literature review, model
development. data collection using a guestionnaire. data analysis, and model fitting. Generalised linear models are chosen with fit measures
consisting of residual deviance and log-likelihood. The questionnaire comprises seven questions using a five-point rating scale. Each
question is related to waste generated due to a particular NVAA. Respondents include construction professionals from contractor companies
randomly selected in Barto Kuala and Banjar Regencies, some with an experdence of no less than 20 years in the industry. The resulting
models suggest that there is no difference between NVAAs in terms of the amount of generated waste. It was originally thought that the
levels of waste generated in relation to some activities were sig| ntly lower than those related to the others. However, different regencies
lead to significantly different levels of generated waste. Finally, directions for future research are recommended.
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Introduction

Construction material waste is any form of material on the site other than earth material that cannot be used
for the intended specific purpose of the project and has toa; removed from the site or used for other purposes within
the site (Ekanayake and Ofori, 2000). Material waste is aduced in various types of construction work from
demolition to renovation and new building projects (Nowak, Elal., 2009). Solis-Guzman, et al. (2009) estimated that
the construction industry contributes 35 percent of the entire waste produced around the world. According to Hobbs
(2011), costs related to material waste include the loss of material and the cost of its removal from the site.

Aiyetan dan Smallwood (2013) studied and ranked a number of factors causing material wastage in
construction in Lagos, Nigeria. They included in these factors several construction activities known as non-value
adding activities (NVAAs). Fadiya, et al. (2014) quantified the frequency and the severity of causes of material
wastage in the United Kingdom. The majority of these causes can be categorised as or considered directly related to
NVAAs. A study by Mahamid and Elbadawi (2014) showed the importance of quantitative information on waste and
NV AAs.

NVAAs gain their popularity in the area of lean construction, a construction model with an aim of
eliminating or reducing waste (Diekman, er al., 2004:60-61). They are among all sorts of human activities that
consume resources and yet produce no value (Womack and Jones, 1996).

In particular, the involvement of some NVAAs in construction resource wastage in big building projects in
South Kalimantan Province can be examined from studies conducted by Haryanto (2011) and Bahri (2015). The first
study, which was on three building projects, identified two NVAAs, namely, extra processing and waiting that have
high intensities in work items such as field processing, earth work, and concrete work. This result was confirmed by
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the latter on five non-ordinary building projects in the same province. Extra processing in this case is related to
product changes, defects, etc. leading to material waste being produced and due to be removed. All this is in addition
to materials such as ready-mix concrete being ordered in excess amount resulting in a need to remove the waste.

Apart from that, the relationship between material wastage and NVAAs in this province’s construction
industry has gained virtually no academic attention. With 13 regencies in the province, each probably with its
construction practice and custom, it is important to carry out a further study on this topic in this region. Findings from
such a study may reveal how material waste generation in construction behaves from one regency to another. The
information, for instance, can be used to compare levels of waste in different regencies and to asses the related risks.

In particular, there is a need for modelling the relationship as mcntin':d above. This paper presents results
from a study performed as part of an effort of developing models representing the relationship between material waste
generation and NVAAs in South Kalimantan. By relationship it means any mutual connection, or connecting pattern
between NVAAs and material waste generation through which NVAAs contribute, affect, or influence the behaviour
of material waste generation.

Literature Review

Relevant Results on Material Wastage and Nvaas
7

According to Ekanayakc and Ofori (Z(I)O),nstruction material waste is any form of material on the site
other than earth material that cannot be used for the intended spcc:a: purpose of the project and has to be removed
from the site or used for other purposes within the site. Such waste is prodlm in various types of construction work
ranging from demolition to renovation and new building projects (Nowak, et al., 2009). Solis-Guzman, et al. (2009)
estimated a 35-percent contribution of construction waste from the construction industry to the entire waste produced
around the world.

Construction material waste contributes additional cost significantly to construction (Ekanayake and Ofori,
2000). The total cost of material waste is the sum of the cost of material lost as the waste and the cost of its removal
from the site (Hobbs, 201 1).

Some of the wc quantification models are based on waste production per unit area or unit volume of
product such agosc by Hsiao, et al. (2002), Fatta, et al. (2003), and Zhao, et al. (2010). Con, et al. (2007) hased
their approach on the amount of waste produced per activity. A procedure was developed by Martinez-Lage, et al.
(2010) for assessing waste production and composition.

Other studies focused on factors that contribute to the generation of construction material waste.
Wimalasena, et al. (2010) studied process variables that generate construction waste. A number of factors causing
material wastage in construction were studied and ranked by Aiyetan dan Smallwood (2013) in Lagos, Nigeria. Also
included in these factors were several construction activities known as non-value adding activities (NVAAs). By
quantifying their frequency and severity, Fadiya, et al. (2014) ranked causes of material wastage in the United
Kingdom. The majority of these causes can be categorised as or considered directly related to NVAAs.

. In the area of lean construction, NVAAs include seven activities as follows (Diekman, et al., 2004:60-61):
rproduclion. waiting, transport, extra processing, inventory, motion, and defects. The involvement of some
NVAAs in construction resource wastage in big building projects in South Kalimantan Province was reported by
Haryanto (2011) who conducted his study on three big building projects in the province. In work items such as field
processing, earth work, and concrete work, he discovered that two NVAAs, namely, extra processing and waiting
showed high intensities. This finding was later confirmed by Bahri (2015) who performed his study on five non-
ordinary building projects in the same province. Extra processing in this case is related to product changes, defects,
etc. resulting in material waste being produced and due to be removed. In addition to this, materials such as ready-mix
concrete products are being ordered in excess amount leading to a need for the removal of its waste.

When it comes to quantifying the relationship between the generation of waste and its possible causes,
previous results indicate the use of frequency and/or severity of contribution of these causes of waste in deriving the
relationship. It is possible to turn such numerical results into models for which a variety of statistics are available for
measuring both the relationship and the fitness of the models. This, however, was not the case with those of Alyetan
dan Smallwood (2013) and Mahamid arnd Elbadawi (2014). Fadiya, et al. (2014) developed single-factor ordinal
logistic regression models but did not elaborate their use. A particular concermn regarding the results by Mahamid and
Elbadawi (2014) is the treatment of the questionnaire response data such as the use of means as statistics computed
from the responses as if they were continuous, numerical data while, in fact, they were categorical. Another important
aspect, namely, the location where the industry is, was not considered as a factor in the above results.
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Modelling Using Generalised Linear Models

A generalised linear model (GLM) is a statistical model having the following general form (see, e.g., Fox,
2008:379):

0 = By + B+ + By (m

where X; is the j" linear predictor or regressor of the random component ¥;, and #; is the link function.

These are the three main components of the model. The /" intercept g and the slopes - .’s are the parameter that
po P ib pe ij P

need to be estimated.

When categorical response data are being modelled, ¥} is usually used to represent the number of responses

of the " category, while ;5 can be a function of other variables. The link function

n; = glu;) )

where f; = E[Y,] is the expectation of ¥;, can be chosen from a number of functions depending on
whether ¥; and the regressors are continuous or discrete. For instance, for ordinary linear regression models (in which,

all Yl and regressors are continuous) an identity function 1j; = [; is used.

For modelling categorical response data such as data produced using a questionnaire-based survey, the usual
choice available for the link function includes, among others, the log function and the logit function (Agresti, 2002).

The log function takes [ directly as its argument, and the logit function takes as its argument the probability of the i

category being chosen, i.e. ; = L /7, where 7 is the total number of responses. For some ordinal response data

where the categories of response can be ordered (e.g. “very small”, “small”, “moderate”, “big"”, “very big"), the logit
is

logit (m;) = log(odds,) = Byp + Byyxyy + =+ BueXi 3)
T my . . i 1
/] , = _T__ 5 s — =
where odds;, P This gives Zﬂ,i @ 33— Pro B B and
T; = fz:l T, — E._:Ij_'ﬂ-'d. This is also called the cumulative logit. The interpretation of the model is
i
straightforward. The argument 1z“f"n“ is the odds to find a category higher than the i category. For a unit
TZig=1 g

increase in X ., this odds multiplies by efii.

ij*

Another type of logit commonly used is the baseline category logit which treats categories as nominal even
when they are ordinal. For this logit, OdlflsE = —= where the subscript “*” indicates a category chosen as the baseline
Te

of the model.

It is common to use contingency tables to display relationships between categorical variables (Agresti,
2002). Such tables may be 2-way, 3-way or n-way depending on the number of factors considered in the relationships.

A model is called a saturated model if it includes all the main effects and effects of all possible interactions
between factors. This model reflects the table structure and fits the data perfectly. A null model is a model that

contains only the intercept ﬁu- According to this model, there is no effect from any factors whatsoever.

It is always desirable to have a simple model that may be found between the saturated model and the null
model. A simpler model means fewer parameters to estimate and, therefore, smaller estimation errors. However, it
also means less fit between the model and the data. Among several measures of fit that can be used for this purpose is
the deviance which is based on the log-likelihood ratio, namely
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2 Yij
G =2 ¥y log| — )

where i and j refer to the i column and the /" row respectively, ¥;; is the value in the cell ij of the table,

ﬁij is the estimate of the probability in the cell I'j', and }'_J- is the sum of all yij of the j"’ row. Notice that

ﬁij = }’.jﬁ"- - is an estimate of the mean of Y:'j whose observed value is J’Ej‘ The smaller the residual absolute value

Yij — ﬁi)-[ is, the better the mode! fits the data.

11
This is a statistic whose null distribution is a chi square distribution with P — g degrees of freedom, where

P is the number of parameters that need to be estimated in the correspondipg saturated model and g is the number of

parameters estimated in the chosen model. This statistic is called the null deviance for a null model and the residual
deviance for another model.

1

Methods

The modelling approach chosen in this study was based on generalised linear models. This allows
relationships to be inferred between quantitative values in data in a linear fashion, thoroughly tested, and easily
verified and understood. It requires that the models capture the observed behaviour of material waste generation
subject to NVAAs, not the presupposed measures of contribution of waste causes such as frequency and severity of
the contribual as employed by Fadiya, et al. (2014). In fact, waste quantification models are usually based on waste
production (Hsiao, er al., 2002; Fatta, et al., 2003: and Zhao, et al., 2010). For this reason, the relative amount of
waste generated was chosen to represent the behaviour. By relative amount, it means the amount relative to the size of
the project.

For collecting data, the approach used in this study was to gain information on the relationship between
material waste generation and NVAAs based on knowledge and perception of individuals directly and currently
working in the South Kalimantan’s construction industry. Hence, it was carried out based on data collected using a
questionnaire. The questionnaire was developed to comprise seven questions each asking the respondent to indicate
the relative amount of material waste generated in relation to a particular non-value adding activity in con-struclinn.

10

The relative amount was measured with a five-point scale with the following categories: (1) “extremely
small”, (2) “small”, (3) “moderate”, (4) “large”, (5) “extremely large”. One of the questions is shown in Fig. 1. In
addition to these questions, the respondent was also asked to give his/her professional details such as age and length of
experience in the industry.

As for the sample, a total of 60 professionals in construction representing companies randomly selected from
contractors listed in Barito Kuala Regency and Banjar Regency were approached to become the respondents. The
companies they represented are local contractors with local knowledge of construction. They can be considered as a
relatively homogeneous sample.

Please indicate the relative amount of material waste generated in relation to
OVERPRODUCTION in a project:

O Extremely small
O Small

M Moderate

O Large

O Extremely large

Figure I: A Sample Question (translated)
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These individuals were personally invited to participate in the survey and given the questionnaire. The filled
questionnaire was collected directly from each of the respondents. Of this number, 22 in Barito Kuala Regency and 26
in Banjar Regency filled the questionnaire completely. Tables | summarises the respondents in terms of their
experience in the industry and their roles in the company.

Preliminary Tests

Table 1
Experience and Roles of Respondents

Experience (years)

# Respondents

0-10 36

> 10 12

Roles # Respondents
Director 16

Managers 3

Site supervisor, site engineer 26

Others 3

Data Analysis and Results

Table 2 summarises the responses in a 3-way table. A chi-squared goodness of test (Kottegoda and Rosso,
1997:283-285) was performed on each of the rows in Table 2 against a uniform distribution. If the numbers in a row
are uniformly distributed, information in that row can be rendered useless. Table 3 shows the test results. The smaller
the probability value in a row of the last column is, the further away the numbers of responses related to the
corresponding NVAA in Table 2 will be from being uniformly distributed. It is clear that what was obtained from the
survey is indeed potentially useful information and not just random answers.

2
;i?;lyf);se on Relative Amounts of Material Waste Generated in Relation to NVAAs
Number of Responses by Category
NVAAs Arcas
1 2 3 4 5
Overproduction Barito Kuala 4 5 10 3 0
2. Overproduction Banjar 4 10 8 4 0
3. Waiting Barito Kuala 2 5 11 2 2
4. Waiting Banjar 9 14 3 0 0
5. Transport Barito Kuala 4 7 6 3 2
6. Transport Banjar 11 11 3 1 0
7. Extra processing Barito Kuala 3 7 8 3 1
8. Extra processing Banjar 5 8 11 2 0
9. Inventory Barito Kuala 3 8 8 3 0
10. Inventory Banjar 7 10 8 1 0
11. Motion Barito Kuala 3 8 6 4 1
12. Motion Banjar 6 14 3 3 0
13. Defects Barito Kuala 3 7 8 2 2
14. Defects Banjar 6 11 3 6 0
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Table 3
Test Results on Uniformity
NVAAs Test Value, X2 P(X? > xz}

L. Overproduction 17.417 0.0016%
2. Waiting 23.458 0.0001#
3. Transport 19.708 0.0006*
4. Extra processing 18.875 0.0008*
5. Inventory 24.500 0.0001*
6. Motion 24.500 0.0001*
7. Defects 10.750 0.0295%
* smaller than 0.05

Another preliminary examination which was on the reliability of the results was carried out by measuring
intemal consistency between responses using Cronbach’s alpha method. The higher the Cronbach’s alpha value is, the
higher the consistency will be. An acceptable range of Cronbach’s alpha values is from 0.70 to 0.95 which means
sufficiently high consistency.

Together, results from the seven questions gave a Cronbach’s value of 0.8493065. Cross validation on each
question was also performed by removing that particular question and calculating the value based on six remaining
questions. Table 4 shows values obtained by this way. According to this, the internal consistency was sufficiently
high.

Table 4
Cronbach 's Alpha Results
Items If Item Deleted
l. Overproduction 0.8350917
2. Waiting 0.8458272
3. Transport 0.8096026
4. Extra processing 0.8143725
5. Inventory 0.8353984
6. Motion 0.8373137
7. Defects 0.8177271

The Models

Ordinal logit models were chosen to represent the data. As clear from Eq. (3), this type of model suits very
well the ordering nature of the response and the result is easy to interpret. The interpretation is even easier to make
than that of probit models, a similar type of model based on normal probability distribution inverse. Log-linear models
could be a good alternative but they treat ordinal categories as nominal categories and, therefore, the order becomes
unimportant. Ordinal characteristics of a model can improve its parsimony and power (Agresti, 2002:274).

Initially, five possible types of ordinal logit models were available to fit the data:

1. Null (Type0): logit (ﬂ.‘l) = P

2. Independent, NVAAs only (Type 1): logit (ﬂ.’l-) =B+ Z?=1 ﬂijxij
3. Independent, Area only (Type 2): logit (ﬂ.’,) = Bip + Birxsy
= — -]
4. Independent (Type 3): logit (w.) = B., + Z‘,-:lﬂijxi_f + Boxy
5.  Saturated (Type 4):

logit () = B + Zg=1 ﬁijxij + Baxa + Z?=1 ﬁi(j+?)xijxi?-
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The values ofxu- 's are defined as follows:

1 forthe(j+ 1)thNVAAand1<j=<6
Jffj - .
0 if otherwise
1 forBanjar Regency
Xg = .

0 elsewhere

Here, overproduction and Barito Kuala were taken as the baseline for NVAAs and Areas, respectively.
Using a type 1 model, a contribution from extra processing to a category i waste relative amount in a cumulative logit,
. . . . T * . ;
forinstance, is realised by multiplying the odds —zfi with eis
1-Kg=y Ty

The probability is estimated as follows:

;. Type0
. #;;. orft,, TypelorType2
= Ry i /®.. Type3

Ry Type 4

0

where i, j, and k indicate the categories of responses, NVAAs, and Areas, respectively. The subscrips means the

probability is marginalised on the corresponding factor (NVAASs or Areas).

The computation to fit the models was conducted using R statistical programming language (https:/cran.r-
project.org). However, the occurrences of sampling zeros in Table 2 might indicate that the sample was not big
enough for the survey to get a response for a particular combination of factorial categories. This relatively small size
of sample, which was 48, was also prone to producing large standard errors of estimation since the method of
maximum likelihood commonly used for fitting models in this type of situation relies on sufficiently large samples for
estimating the parameters (see, e.g., Fox, 2008:404). This means that the resulting estimates of parameters might not
be reliable.

The pmlr function of pmlr package (Colby, et al., 2010) in R was used to fit the models. This function
enables penalised estimation of parameters which can give reliable results even when the sample size is relatively
small. The resulting models, however, were baseline category models and had to be rearranged to obtain their
cumulative logit equivalence.

Among them, a resulting type 2 model was chosen to represent the relationship. It was preferable to any
models of type 1, type 3 and type 4 due to fewer parameters that need to be estimated. The deviance of the type 2
model was 44.88151 with 48 degrees of freedom. This was a good fit based on a chi-square test. A slightly better fit
was given by a type 3 model, that is, with a deviance of 21.80625 and 24 degrees of freedom. However, the difference
in their deviances which was 23.07526 with 48 — 24 = 24 degrees of freedom was not significantly big based on a chi-
square test. This means that the two competing models were not significantly different, hence a simpler one was
preferable.

Cumulative logits of the chosen model are as follows:

logit (m,) = —1.78432 + 0.753234x,,.
logit (,) = —0.21165 + 1.004051x,,,
logit (m;) = 1.48082 + 0.743803x,,,

logit (m,) = 2.857146 + 3.050937x,,.

There is no need to fit any type | and type 4 models as they are more complex than a type 2 model.
Meanwhile, the null model simply did not fit the data.
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Interpretation of the model is straightforward. For instance,

logit (,) = —0.21165 + 1.004051x,; md log‘ilﬁa) = 1.48082 + 0.743803x, mean that in

Banjar Regency (Xg7; = 1) the probability that the relative amount of material waste generated in relation to any
construction NVAA (it does not matter which NVAA) is moderate is

5

3 2

n . 1 1

3= Z Ta™ Z @~ ] t o-(L480B2+0.743803) | | o—(-0.21165+1.004051)
=0.902439— 0.688347 = 0.214092

With 26 respondents, the estimated average number of  responses would be

0.214092 X 26 = 5.566396. The actual average from the data was 5.571429,

In Barito Kuala Regency, where Xz = 0, the two logit functions become logit (m,) = —0.2085 and
logit (3) = 1.5041. Hence,

1 1
By = 1 + o (148082) - 1 4 g (—0.21165)

=0.814696 — 0.447284 = 0.367412

With 22 respondents, the estimated average number of responses would be

0.367412 X 22 = 8.083068. The actual average from the data was 8.142857.

The models can also explain how relative amounts of construction material waste generated in relation to an
ZE:. Ty
1-E5=1Ta
obtain a relative amount of construction material waste generated in relation to an NVAA bigger than “moderate”.
The ratio between odds; in Banjar and odds, in Barito Kuala is g®74808 = 3 103922 1t suggests that finding a

“bigger-than-moderate” amount in Banjar is at least twice as hard as it is in Barito Kuala.

NVAA behave between different areas. For instance, the bigger odds; = are, the less likely it is to

Table 5 shows probabilities and odds ratios of categories of waste relative amounts generated subject to different
areas.

Table 5
Probabilities and Odds Ratios of Categories

Categories of Relative Amounts

Probabilities and Odds Ratios 3 3
Extremely Low Moderate | High h)-(trcmcly
Low High
Probability in Barito Kuala 0.1438 0.3035 03674 0.1310 0.0543
Probability in Banjar 0.2629 0.4255 02141 00949 0.0027
Odds Ratio Banjar to Barito Kuala | 2.123856 2729317 | 2.103921 21.13513 | -

The fitness shown by the type 2 models means that variations in the relative amounts of construction
material waste generated in relation to NVAAs are not affected by variations in the types of NVAAs. On the other
hand, they are affected by variations in areas, that is, regencies of South Kalimantan where construction NVAAs are
observed.

Discussion

It is worthwhile to emphasis the difference between approaches taken in this study and in others. Fadiya, et
al. (2014), for instance, used a logit model for contributions of causes only to compute the probability of each
response category. Also, they did not consider locations or locality of the respondents as a factor correlated to material
wastage. The study in this paper, on the other hand, considered location as a factor in the models and used the models
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to explain how a particular factor influences the behavior of material waste generation. In other words, the resulting
models capture an important piece of local construction knowledge.

NV AAs do contribute to material wastage in construction, However, there is no difference between them in
terms of the amount of generated waste. The above generalised linear models failed to find evidence that variations in
types of NVAAs affect how material waste generation behaves in the South Kalimantan construction industry. Data
from Fadiya, et al. (2014) will be used to show if this is also true for severity and frequency of waste sources as
follows.

Because the severity data (Fadiya, et af, 2014) only contain one factor (having nine levels, some of which
are NVAAs), there are only two types of model: the saturated model and the null model. The null model fits the
severity data with a deviance of 41.8972 on 32 degrees of freedom and acceptably small standard errors for parameter
estimation. The resulting null model is

logit (7r,) = —6.1269,
logit (m,) = —1.2654,
logit (m;) = 1.0498,
logit (w,) = 3.3210.

This fitness shown by the null model may indicate that variations in types of NVAAs do not affect how
material waste generation behaves.

As for the frequency data from the same authors, no reliable models can be obtained. The deviance produced
by the null model is 115.7608 on 32 degrees of freedom, which is too large for the model to fit the data. Also, the
corresponding saturated model cannot be accepted due to extremely large standard errors. It is worth notice that the
Cronbach’s values for the frequency data as reported by the authors are well below 0.70. One should question the
intermnal consistency of the results and, therefore, should not rely on any model resulting from the data.

Conclusions and Recommendations

The study has discovered through literature racw that non-value adding activities in construction contribute
to material wastage. However, through modelling of the relationship between material wastage and NV AAs, it has
also discovered that variations in the relative amounts of construction material waste generated in relation to NVAAs
are not affected by variations in the types of NVAAs. In other words, there is no difference between NVAAs in terms
of the amount of generated waste. On the other hand, the amounts are affected by variations in Areas, namely,
regencies of South Kalimantan where construction NVAAs are observed.

The modelling has been based on generalised linear models. The resulting models enable the estimation of
relative amounts of material waste generated in relation with NVAAs. They also enable odds ratios of generating
waste to be computed between different areas.

It is recommended that this study be extended to include more regencies and cities in the province. This
should enable the discovery of local construction knowledge on material wastage in relation to NVAAs. In addition,
future modelling should include more factors such as sizes and types of projects.
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