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Abstract

This paper applies the balance of payments constrained growth (BPCG) model to theeGimioesy using data from the
Organization for Economic CGoperation and Development (OECD) over the period 18®P2l. The longun income

elasticity of demand for imports, the relative price elasticity of demand for imports and the adjustment speed fiamamete

the import demand equation are estimated. The computation of the parameters is conducted through the autoregressive
distributedlag econometric modelling technique (ARDL). The shrart adjustments are obtained by using a vector error
correction modl. We found that estimated average growth rate forecasted by the BPCG model approaches the average real
growth rate over the analyzed period.

Balance of payments constrained growth, Chinese economy, economic growth, income elasticity of demand for
imports.
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Introduction

Thirlwall (1979) proposed the BPCG model,
which is aimed at analyzing the relationship
between the balance of payments and economic
growth. The model shows that the balance of
payments might constraint the prodaotrate of
growth, as it can set a boundary on economic
growth in a certain level of demand to which
supply can be adapted. A rise in national
production, requiring an increase in imports, can
lead to a deficit in the balance of payments. The
solution cold be a depreciation of the real
exchange rate or a demand reduction, in order to
guarantee the sustainability of the external
deficit. Consequently, an unsustainable external
deficit eventually must be corrected, whiclca
reduce the production growth.

Assuming that the real exchange rate is
maintained relatively constant, the concept of
the balance of payments constrained growth is
defined as the ratio of the growth rate of exports
to the income elasticity of demand for imports.
Only when the rate of gvath of the real gross
domestic product (GDP) turns out to be lower
than balance of payments constrained growth
rate, it will be possible for a country to reach
sustainable growth, and therefore,
simultaneously, the balance of payments will
remain in equibrium. This condition, also
known as the Thirl wall
dynamic Harrod foreign trade multiplier,
introduced by Harrod (1933). It implies that if
the rate of growth of a country is higher than the
balance of payment constrained growdte, it
will cause an external deficit and will reduce the
expected rate of growth, and vice versa, if the
rate of growth of a country is lower, it will obtain
an external surplus. These concepts are
analogues to the results presented by Krugman
(1989),who found that the countries growing to
higher rates have a larger income elasticity of
demands for exports than for imports.

ISSN-Print: 20071582 ISSN-On line: 20073682
ECORFAN? All rights reserved.
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The Thirlwall ds model
tested and proved since it was proposed.
The model provides a useful

approximation® the economic rate of growth in
both developed countries and emerging
economies. In recent years the BPCG model has
been applied in its different forms, in wide range
of studies, across countries. In this respect, Beko
(2003) studied the Slovenian caseidih is
analyzed by Razmi (2005); The Brazilian
economy is analyzed by Bértola et al. (2002),
Ferreira y Canuto (2003), Jayme (2003),
Carvalho et al. (2008), Carvalho y Lima (2009),
Britto y McCombie (2009), and by Alcantara y
Strachman (2014), while Irlanis examined by
Garcimartin et al. (2008). The Argentinian case
is studied by Fugarolas and Matesanz (2008) and
Chena (2014); Felipe et al. (2010) explored the
Pakistani case; Soukiazis y Antunes search the
Portuguese economy (2011); and the Mexican
ecoromy was examined by Morefi#rid (2002,
2003), Guerrero de Lizardi (2003, 2006),
PacheceLépez y Thirlwall (2004), Pacheeo
Lépez (2005), Cardero y Galindo (2005), among
others. The majority of these papers support the

balance of payments constrained growth
hypothesis.
60 s |Among the studesy explovirg lg®uptof t o

countries we could highlight Holland et al.
(2004) who analyzed a group of ten Latin
American economies; Kvedaras (2005) explored
a group of ten Eastern European economies;
Pachecd.6pez and Thirlwall (2006) examined
16 countries from Latin America; Gouvea and
Lima (2016) also explored the Latin American
region through a group of four countries and
contrasted the results with a group of four Asian
economies; Bagnai (2010) analysed a sample of
OECD countries; Garcimartiret al. (2010)
studied Portugal and Spain; and Gouvea and
Lima (2013) analyzed a panel for 90 countries.

ZamoraOrtiz, José Luis red AngelesCastro, GerarddBalance of Payments Constrained
Growth in Clina: An Application of the Autoregressive Distributedg Modelling
Approach.ECORFAN JournaMexico 2015. 615: 12231235
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In particular, in this paper, we test the As a result, the economic growth rate for

BPCG model in the Chinese economy, applying any economyin the longrun, must be consistent
recent cointegration techniques to study the with the balance of payments equilibrium
long-run restrictim, imposed by the foreign (McCombie, 2003; Panico, 2003; Thirlwall,
exchange requiremen needed for economic 2003).
growth.The analyzed period is from 19@P211.
The BPCG model by Thirlwall, analyses
The methodology applied is an the effect of exports demand on economic
autoregressive distributed lag technique (ARDL) growth and introduces the concept of balance of
in which we explore the cointegration among the payments constraint.
variables.
The fundamental idea is that for every
The structure of the paper is organized as open economy, demand for exports constitutes
follows: Section two presents the theoretical the main component of autonomous demand; in
basic model derived f r dams sénkeeecdnbmicrgtowta dvér dhe lomgr o wt h
law. Section three shows the econometric model will be supported on exports growth. It should be
applied in the study. Section four presents the noticed hat exports affect demand not only
results. Finally sectiofive provides conclusions directly, but also indirectly since consumption

and policy implications. and investment grow faster. Hence, if we
consider both effects, we can realise that exports

The growth law by Thirlwall increase (X) determines production growth (y).

Thirlwall states that demand restrictions are The exports rate of growtlcan be

valid for most of the countries and they occur represented as followsr A 1 1)

before supply restrictions. Consequently, for an o ¢  wherefy andn; are domestic ahforeign

open economy demand represents the main piceq respectively is foreign incomee (>0)
restriction to growth and therefore, the economic is the income elastity of demand for imports

performance is_ subjectot the . balance_ of and/ (<0) is the price elasticity of demand for
payments behaviour. The main idea behind the o, 5115 Thedomestic prices are considered as

BPCS rEOderL IS tf;]at a country cannhothgrow ata a5 endogenous factor, while income and foreign
rate higher than that consistent with the current Jicoc e exogenous factors.

account equilibrium, because is not possible to
sustain deficit in the balance of payments during Thirlwall (2003) introduced the analysis

a long period of time, as it has to be financed ¢ oonomic growth and the balance of payments
with shortrun capital inflows, which leads to an . raint. He made it by taking the equation that

|?crease in the ratio of ne}f[ externfal det:;[ t_o GDP. represents the exports rate of growth, added the
If a Country attempts to finance its deficit over import demand equation and the balance of

the _Iongrur_1 throggh in_flows of foreign capital, payments equilibrium condition.
the intenational financial markets will press the

national currency, and hence, conditions are
created to collapse the exchange rate; in other
words, there would be a scenario of depreciation

and inflation. o A

The export demand and import demand
equations are defined respectively as follows:

BooQi ea 1)
a yn Qi on po (2)

ZamoraOrtiz, José Luis red AngelesCastro, GerarddBalance of Payments Constrained

ISSN-Print: 20071582 ISSN-On line: 20073682 Growth in Clina: An Application of the Autoregressive Distributedg Modelling
ECORFAN? All rights reserved. Approach.ECORFAN JournaMexico 2015. 615: 12231235
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Wherep (>0) is the income e#dicity of
demand for importsy (<0) represents the price
elasticity of demand for importsQi is the
exchange rate and y is the GDP rate of growth.

The equilibrium condition in the current
account, written in rate of change is defined as
follows:
no® /& Qi (3)

By substituting the exports and imports
demand equations in the equation of the current
account equilibrium condition, we obtain the
national income rate of growth, hich is
consistent with the balance of payments
equilibrium:

n hn n Qi ea n yn
Qi p o Qi (4)
After conducting algebraic

transformations in Equation (4), it is possible to
obtain an expression thatepresents GDP
growth, which is consistent with current account
equilibrium:
@ p A ynan A Qi eadp (5

According to Thirlwall (2003), Equation
(5) represents the following:

- An improvement in the terms of trade

n n Qi 1 has the potential
to restore the rate of growth consistent
with the balance of payments
equilibrium;

- If domestic prices increase more than
foreign prices, there will be a reduction
in the rate of growth, consistent with the
balance of payments equilibny that is,
if the sum of the negative price
elasticities is greater than ore: »#

y T

ISSN-Print: 20071582 ISSN-On line: 20073682
ECORFAN? All rights reserved.
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- A depreciation of the local currency
Qi 1, will cause an increase in the
rate of growth, consistent with the
balance of payments equilibrium, if the
sum of the price elasticities is greater
than one;

- The rate of growth of a countryw is
associated to the rate of growth of
another country (z), because the rate of
growth that a country can reach, keeping
the balance of payments equilibrium,
will depend on the income elasticity of
demand for exportsg(

- The rate of growth of a country,
consistent with the balance of payments
equilibrium, is inversely related to the
demand for imports;

Assuming that the relative pricegmain
constant, the rate of growth consistent with the
balance of the payments equilibrium becomes:

1 The relatioship between the prices of two goods or two

services is called relative price. The relative price of the good X
in relation to the good Y, implies the relationship of the price of
good X with respect to the price of good Y, in other words: Px,y
= Px/Py. Tlis ratio shows the amount of units of good Y that is

forgone in order to obtain one more unit of good X. A relative

price is an opportunity cost.

2If the relative prices remain constant, the trade balance does not
change in the shorun; however, in a trade balance deficit
scenario, a depreciation of the local currency can lead to the
equilibrium or even surplus as follows: With the depreciation,
the country obtains more local currency by foreign currency,
consequently the nominal exchange rate increases and so do the
relative prices. The price of imports in local currency increases
and therefore, demand for imports falls; on the other hand, the
price of exports in foreign currency decreases and its demand
rises. In this scenario, if the Marshhkarner condition is
satisfied, the net exports increasel the trade balance improves.

An appreciation of the national currency causes a decrease in the
relative prices and this leads to an increase in imports demand
and to a decrease in exports demand, whitbribrates the trade
balance. To sum up, depreciation causes less competitive
imports, as the relative prices move against imports and in favour
of national products; in contrast, an appreciation leads to a
change in relative prices in favour of imports and against local
production.

ZamoraOrtiz, José Luis red AngelesCastro, GerarddBalance of Payments Constrained
Growth in Clina: An Application of the Autoregressive Distributedg Modelling
Approach.ECORFAN JournaMexico 2015. 615: 12231235
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If we take as the proxy of z the exports One characteristic of these models is that

rate of growth x Equation (6) is transformed to:  they produce unbiased lomgn coefficients
estimations; regardless some of the explanatory

& eU Tp (6) variables are endogenous (Pesaran y Shin,
1999). Another advantage is that in the
O wTp (7) estimation through the bounds testimpebach

it is possible to use integrated variables of order
Equation (7) is knowm |lal andhoederTchro #(Q) wathel sarse
growth law, and shows that the rate of growth of equation.
any country, in the longun, it is constrained by

the equilibrium in the current account of the What is not possible to apply is the

balance of payments. Johansen approach, because when the model is
specified it is important the all the variables have

Econometric model the sare integration order.

In general, the Thirlwall’'s law is tested by The ARDL models presented, as error

comparing the real GDF effective rate of growth  correction models, provide short and leng
with the rate of growth forecasted through coefficients simultaneously. The shouin
Equation (7), where the income elasticity of effects are obtained from the estimation of
demand for imports, determines, to a greater parameters that belong to the variables in first

extent, the result. Expressiimgogs the longrun differences. The longun effects are obtained

relationship variables of the import demand from the estimations of and &, which are

function, we have: normalised using @. The model also
incorporates the adjustment coefficient. In an

00 | “0&T 0D'YO] (8) error correction model it is the lofign lagged
error term. In order to explore whethénre

Whered U is the real imports log) Qis variables adjustment tends to a lenm

the real income log) 'Y Dis the real prices log equilibrium, the estimationfsom @, & and

(it is defined as the ratio of nationpfices to are used to obtain an error correction term

foreign prices), and is the error term. (ECT), this term substitutes the lagged variables

in levels from Equation (9) and therefore we
Recent advances in econometrics suggest have:
that the shoftun dynamic adjustment process
should be added to the lomgn relationship in .
Equation (8). In this context, Equation (8) is w Yo'y
expressed as a Vector Error Correction model, as - 00"y (10)
suggested by Pesaran et al. (2001):

[oR
&
c:
€

00 @ Y0 0 B

w X
3 é( 8_1
ca @

<

| n Eqguati on (10),

Voo & B & YOO B & YOO adjustment coefficient parameter. The equation
B w Y0'YD is estimated taking into account the same lags as
before.
@0 O wd &  wiYD 0 (9)
This approach is known as an ARDL
model.
ISSN-Print: 20071582 ISSN-On line: 20073682 Gronth In Gl An Appicaton of he. Autcreressive. Distibutsdg Modsling -
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If the coefficient from the Od "Yis
negative and statistically significant, it indicates
the existence ofcointegration among the
variables but, the main finding is a lengn
trend towards the equilibriurh.

Results

In this paper, we use time series data over the
period 1982201, The variables from Equation
(8) fulfil the requirement to be(ll) the mostlt

is worth noting that iany of the variables would
be 1 (2), the results obtained from the
cointegration procedure by Pesaran et al. (2001)
were not be consistent and efficient. The
following unit root tests were applied to the
series: augmented Dickdyuller (ADF) (1979,
1981), PhillipsPerron (PP) (1988), and Elliett
RothenbergStock (ERS) (1996). The results
from the tests confirmed that the series are
stationary either in levels or first differences. It
can be seen in Table 1 that the variables are
integrated of order 1, but not superior, which
validates the application of the bounds test
suggested by Pesaran et al. (2001).

Variables ADF PP ERS

LM 0.1580 0.2794 14.83149
LY, 0.0762 0.5422 18.81679
LRP 0.4427 0.5123 29.77162
oL M 0.0034** 0.0032** 1.728792**
LY 0.0021** 0.0077** 1.037210**
@PLRP 0.0006** 0.0006** 1.640388**

Table 1 Unit root test

Notes: The unit root test specification, for the variables in
levels, includes constant and deterministic trend. The
specification for thevariables in first differences includes
constant but no trend.

** Indicates rejection of the Null Hypothesis and evidence
that the time series is stationary at 90 per cent of statistical
significance.

® Represents first
3 The f #&smégatitehaadtstatistically significant
means that the dependent variable moves over time
towards is longun equilibrium value.

4 The definition and data source is provided in the
Appendix

ISSN-Print: 20071582 ISSN-On line: 20073682
ECORFAN? All rights reserved.
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In order to verify if the there is a
cointegrated and lonagun relationship among
the variables in Equation 8 two stages estimation
was performed. Firstly the statistical sufficiency
of the model was satisfied and hence, we proceed
to estimate the optimal number of lags in the first
differences variables by usinge information
criteria from HannafQuinn, Schwarz and
Akaike; in addition, we applied the conventional
diagnostic tests. In the second stage we verify the
presence of cointegration.

Pesaran et al. (2001) propose two
cointegration tests. First, thgyovide critical
value bounds for the corresponding t test, with
upper and lower bounds, which are based on
whether the variables in the equation are all
cointegrated of order O (lower bound) or 1 (upper
bound). There is cointegration when the absolute
value of the test statistic exceeds the upper limit.
Second, they suggest an F test for the
significance of the variables in levels, under the
null hypothesis that the speed of adjustment and
the coefficients of Equation 9 jointly equal cero.
Moreover, they mvide the lower and upper
critical values for the tests. Cointegration is
accepted when the absolute values from the F
and t statistics are larger than the eipppound
(see Table 2).

Long-run relationship: F/t (LM I LY, LRP)

95% LB | 95% UB | 97.5% LB | 97.5%UB
F statistic
5.82 3.79 4.85 4.41 5.52
t statistic
-4.02 -2.86 -3.53 -3.13 -3.80

Table 2Bounds tests

Notes: Both the statistics from the t and F test are larger
than the upper bound at 5% and 2.5% levels of statistical
significance (values taken form Pesaran et al. 2001, Tables

di f fer enCl€i§ y Cll (iii)). The Null Hypothesis is there is no

cointegration amonghe variables imports, GDP and
relative prices. The bounds testing procedure indicates that
the Null can be rejected, which implies that there is
cointegration among the variables.

ZamoraOrtiz, José Luis red AngelesCastro, GerarddBalance of Payments Constrained
Growth in Clina: An Application of the Autoregressive Distributedg Modelling
Approach.ECORFAN JournaMexico 2015. 615: 12231235
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The ARDL model for the period 1982 The speed of adjustment .40, it
2011was estimated through the Daty Least means that the import demand equation will
Squared method. The short and long adjust 40 percent in one year when is mot

coefficients are presented in Tables 3 and 5 equilibria, it implies that the convergence
respectively. The statistically significant  towards the equilibrium will take 2.5 years.
coefficients have the expected sign. The

corresponding statistical test are illustrated in Regressorg Coefficient | Probability
Tables 4 andb, they showthat there are no Constant | -0.16 0.08
normality problems, autocorrelation, PpL ¥ 2.77 0.00
heteroskedastigitand misspecification ®L 0.14 0.86
P : ®LRR| -055 0.00
_ _ ®L AR 0.11 0.43
Regressors Coefficient Probability TCE., 20.40 0.03
Constant -9.07 0.00
LY: 1.49 0.00 Table 5Cointegration results through ARDL for the short
LPR -0.59 0.00 run import demand

Table 3 Cointegration results through the ARDL for the Note: The dependent variable
long-runimport demand equation

R 0.74
Note: LM is the dependent variable RSS 007
> Statistic F 8.44 (0.00)
R 0.99 Stadistic DW 2.00
RSS 0.12 BreuschGodfrey LM (2) | 0.18] (0.83)
Stat!st!c F 958.28] (0.00) JarqueBera 0.04 (0.97)
Statistic DW 1.89 BreuschPagarGodfrey | 0.61] (0.76)
BreuschGodfrey LM (2) | 0.77 | (0.47) Harvey 1.89] (0.12)
JarqueBera 1.09 | (0.57) Glejser 1.03] (0.45)
BreuschPagarGodfrey | 0.98 | (0.43) Arch (1) 1.43| (0.24)
Haryey 2.23 | (0.09) White 1.45| (0.24)
Glejser 2.00 | (0.12) RESET (1) 0.83] (0.41)
Arch (1) 0.95 | (0.33)
White 2.04 | (0.10) Table 6 Tests statistics for the shetin import demand
RESET (1) 0.10 | (0.91) equation
Table 4 Tests statistics for the loagin import demand Not es: RSS indicat es-valueeirsi dual
equation parenthesis

Notes: RSS indi cat e s-valueirsi dual Wéﬂseoofverlz‘lﬁbﬂﬁ@ beerifbds of 15 years
parenthesis. . !

following Atesoglu (1993a, 1993b, 1994) in
order to verify the validity of the Thirlwall’s law
for the Chinese economy over the period 1982
2011. This long time periods are taken due to the
long-run relationship beteen the balance of
payments and the GDP rate of growth, stablished
in the BPCG model. The average rate of growth
of effective export demand and the real effective
GDP are taken in periods of 15 years,
commencing in 1983997 and finishing in
19972011.

From Table 3, it is possible to see that the
long-run income elasticity of demand for
imports is 1.49, that is to say, an increase of 1
percent in the real GDP will lead to an increase
of 1.49 percent of the imports. The leng
price elasticity of demanidr imports is-0.59, in
other words, a 1 percent upturn in the relative
prices causes a reduction of 0.59 percent in real
imports.
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The estimation of the balance of
payments constrained real growtly was
obtained from Equation 7 with a lomgn
estimation of the income elasticity of demand for
imports ARDL equal to 1.49. The results are
presented in Table 7, in which it is possibde
observe that the average real effective rate of
growth is close to the emated average rate of
growth.

However, there are periods where
difference between the two rates of growth
expands. For instance, the periods located at the
beginning of Table 7, commencing with the
period 19831997 and up to the period 1990
2004, indicate an increasing divergence betwee
the real effective rate of growth and the
forecasted rate of growth. Nevertheless, after
these periods, the two rates of growth tend to
converge.

This trend does not occur over the
periods 1995009, 19962010, 19972011, in
which there is divergenceénly in these last
three periods the real effective rate of growth is
larger than the forecasted rate of growth, this fact
is directly associated to a substantial reduction of
the real exports rate of growth in these periods,
compared to the high rates gfowth recorded
in the previous periods.

Effective | Effective | Forecasted
Periods rate of | rate of | rate of

growth growth growth of | Difference

of X of Y Y Y&y
19831997 19.11 10.61 12.83 2.22
19841998 19.07 10.41 12.80 2.39
19851999 17.65 9.90 11.85 1.95
19862000 17.87 957 12.00 2.43
19872001 | 1595 | 953 11.39 1.87
19882002 16.08 9.36 10.79 1.43
19832003 17.73 9.28 11.90 2.62
19902004 19.73 9.68 13.24 3.56
19912005 18.19 10.18 12.21 2.03
19922006 18.20 10.46 12.21 1.75
19932007 18.03 10.45 12.10 1.65
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19942008 | 1o 0c | 1016 | 1211 1.95
19952009 | 1, e | go; 8.22 -1.68
19962010 | 1oy | ggg 8.04 -0.94
19972011 | 10 | gg3 8.80 -1.03

Table 7 Annual average rate of growth, effective and
constrained by the balance of payments, 12@B1

Associated to the structural reforms that
fostered trade and financial openness of the
Chinese economy since 1979, (Chen et al. 1995;
Kanbur y Zhang, 2005), in the periods that
finalise in 1997 up to 2008, the average real rate
of growth was kept below thpotential of the
balance of payments.

Nevertheless, over the last three periods
19952009, 199&2010 and 1992011, the
Chinese average rale rate of growth is located
slightly higher than the forecasted value. During
these periods the Chinese economywgadove
the balance of payments potential, which is in
keeping with the large capital inflows captured
after 2000. These facts would confirm the
Thirlwall and Hussein statements (1982), in the
sense that over a long time period, the rate of
growth of a coutry could be higher than its
equilibrium rate of growth as a result of
substantial capital inflows.

For the whole time period studied in the
paper 1982011, the GDP rate of growth, in
average, is 11.42 percent a year; this figure
closely approximateshé average real rate of
growth of the GDP, which is 10.24 percent a
year. This finding is consistent with Razmi
(2005), who analysed the case of India, and with
Gouvea and Lima (2010) and Blecker and Ibarra
(2013) who studied the case of the Mexican
econony. They found that the balance of
payments constrained growth model accurately
replicates the average real rate of growth when
long time periods are considered.
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In summary, the results from Table 7,
confirm that the Thirlwall’s law holds for the
Chinesesconomy.

Conclusions

The aim of this paper was to test the validity of
the BPCG hypothesis for the Chinese economy,
over the period 1982011.

After exploring the time series
econometric  properties and using the
econometric technique known as ARDL
approach we find support to assert that there is a
stable longun relationship between real
imports, real GDP and relative prices. The
cointegration ector was also used in a vector
error correction specification to study the short
run relationship dynamic. The estimate of the
long-run income elasticity of demand for
imports is 1.49 and the price elasticity of demand
for imports is-0.59.

We found thathe average rate of growth
obtained from the BPCG model (11.42 percent)
is closed to the average real rate of growth (10.24
percent) over the period 192P11. However,
substantial differences emerged when individual
15 years periods were considered. e&enthe
analysis found more support for the BPCG
model in a longun perspective. However, the
shortrun elasticities were also statistically
significant.

The Thirlwall (1979) BPCG model
estimates the rate of economic growth consistent
with the balance of payment equilibrium. This
paper provides evidence showing that the
Chinese economy, over the most of the analyzed
period, grew at a rate that did not exceed the rate
of growth consistent with external equilibrium
but, along the last threperiods 1995009,
19962010 and 199201, kept a rate of growth
higher than that in keeping with the external
equilibrium.
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This finding suggests that the country
will not be able to sustain its current rate of
growth without facing balance of payment
problems in the shomun. As a result, the
monetary authority has to conduct a gradual
exchange rate depreciation of the currency.

At the same time, it is possible that China
improves its balance of payments situation,
through the implementation of inndixge
policies that foster quality and by diversifying
the exportable goods and services.

These policies will allow not only the
increase of the exports rate of growth, but also
will reduce the country’s propensity to import.
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Abstract

Educational technology plays a crucial role in automating each task and stage of the assessment proces:
and although its use and effectiveness has already been proven, educational literature shows that there i
still a huge need to develop these innovative approaches. In this study we have reviewed the literature
on the current state of knowledge and practice regarding electronic assessment technologies. Knowing
the factorspositive or negativanvolved in theadoption of ICT in the assessment process in the Higher
Education context serves as a guide for building valuable strategies to design a plan of adoption of e
assessment technologies which enables us to determine when the staff are well prepared totiippleme

as well as the grade of willingness of the main stakeholders. The willingness to adopt innovative
educational assessment methods will indeed make a positive difference to students' learning. There are
still many opportunities that are not being takiadvantage of, and the emerging research should be
constructed with the aim of proposing specific strategies for developim@pproaches teassessmen
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Introduction E-learning becomes an attractive

learning strategy particularly when individuals
ICT has touched and transformed all fields of cannot obtain the education they want from local
human activities. If weadd the fact that sources such as when students require a
technological  capability is  increasing  specialized course thitnot part of the curricula
exponentially, we can expect an even bigger of the university, or when people have to deal
impact on all human activities in the future. In  with daily responsibilities either at home or at
the educational context, ICT has played an work that do not allow them to attend a course
important role, transforming the way instructors  physically.
teach and stients learn. ICT has helped to
enhance educational methods and approaches, In the last few decades ICT has played a
making them more efficient. Recently, we have key role in the real world. @rently,
seen an increasing emphasis embedding them on organizations require a workforce consisting of
all educational levels. people who have the abilities and skills to be able

to make their own decisions, high performance

However, some might argue that in teamwork, and the ability to manage

educational technologies have rmabtanged the effectively complex situations, which suggests
way the teachers instruct or the extent to which fit h at ityttduee texhnoldgy will become a
the students learn. Nevertheless, the educational standard joe nt r vy requirement
tools that students use to learn are changing. 2002). Moreover, ICT is supporting global
These have modified the process of teaching and businesses in the process of employee learning
learning per se. The influence of ICT on the and development.
proesses of teaching and learning has been
significant. Researchers have turned to ICT as a The impact of ICT has widely expanded
way to fulfilling the requirements for learning in in all fields; including applic@ons for teaching
a modern society, and this has created great mathematics and allied subjects. The work of
demand from a diverse range of actors ranging Gunasekaran et al. (2002) gives evidence of the
from businesses to ingties of higher education effectiveness of using ICT to do this. Their study
(Sun, Tsai, Finger, Chen, & Yeh, 2008). There explains how researchers (Larson & Bruning,
are many studies regarding the benefits of ICT 1996) examine perceptions in an interactive
on the teaching and learning process. For collaborative mathematics course. Their
instance, Wang & Wang (2009) point outthat concl usi ons show that A 1
ICT enables communication between instructors format gives teachers access to more resources,
and stidents by serving as a platform to facilitate  is useful for undeachieving students, and is an
teaching and learning. Also, Gunasekaran, effective way to implement national curriculum
McNeil & Shaul (2002) state that ICT and instruct iewise, teetsmdyd ar d
encourages interaction and communication of McCollum (1997) describes a professor at
between students and instructors. The fact is that California State University who divided a
technological tools are also becomiragtmf the statistics course, teaching one group in a
equipment required for 21st century education.  traditional way and another in an-bne version

of the course using wetased tools (website; e

mail, and arelectronic chat room). The students

who took the odine course did better than the

others.
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Even though some technologies, Socialtechnological innovations are the

environments and tools have been developed to gateway to the future for universities. It is
support the learning and teaching processes, the therefore important to examine the adoption of
assessment process is still in @arly stages. and resisince to educational innovations in
Some policymakers and senior management universities (Dreher, Reiners, & Dreher, 2011).
have redesigned the assessment practices in the
universities using ICT and have achieved However, the gap between understanding
favourable results. For instance, the work of the benefits of oiine assessment, and having
Heinrich, Milne & Moore (2009) shows some  staff engaging with it in dajo-day assessment
benefits in employing thnology such as activities is significant. Thus, itsicrucial to
improved marking quality and feedback, support understand which are the most common factors
for human markers, insight into student that affect the uptake of electronic assessment
understanding through quizzes and tests, ease of technologies. The key studies were chosen we
electronic submission and handling of then selected the most common factors included.
assignments. Dreher et al. (2011) argue that We classified the crucial factors which might
automated assessmerdre technological tools help to buid a successful implementation of
that carry the potential to improve the electronic assessment technologies. It is also
assessment process for all stakeholders. Students important to consider that a teacher's
can receive immediate and objective feedback, engagement is determined by individual
educators can focus on teaching and giving educational beliefs or disciplinary differences,
formative feedback, and attitudes working with technologies and self
administration/managemerdrt be performed at efficacy (Chew, Jones, & Blackey, 2010).
lower costs.
E-assessment

Whitelock & Watt (2008) point out that
ICT has also contributed significantly to the  The specific process of assessment using ICT
educational assessment process. They mention has come to be known as electronic assessment
t hat it he benefits g i reasdessment.c lit u idotudess the deatmet
retention, enhanced quality of feedback, assessment process from designing assignments
flexibility for distance learning, strategies to to storing the results. ibvolves the assessment
cope with large student numbers, objectivity in  process such as coursework submission,-peer
marking and more effective use of virtual assessment, grading and feedback, traditional
l earning environment s 0 .examinatioh and quizzed fron thecparspectiva &f e
huge difference in the educational process by students, tutors, learning establishments,
introducing new ways of learninggaching and awarding bodies and regulators, and the general
assessment by using novel technological tools.  public (JISC, 2007).

Taking into account that students as a The crucial role that technology plays is
ndigital nati vesao e n g dwlding ai useful knk betveeenuhe processes afl
system that was designed in a-gigital era, teaching and learning and assessment creating
they nevertheless need to teach themselves new approaches and opportunities for enhancing
modern lifeskills through participation in the learning goals.
networked society and must learn industry
relevant skills and knowledge on the job.
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As Bennett points out in his paper written
as early as in 1998, compueased assessment
opens up new opportunities for innovation in
testing and assessment (Bennett, 1998).

However, eassessment practices must
not only be seen as an electronic tool edded
in the same traditional teaching methods; it has
to reach further objectives and has to be a
carefully planned process. It has to mainly be
designed following pedagogical principles rather
than just embedded innovative technology
(Whitelock & Brasher2006) and/or to deliver
only an automated version of itelbased paper
andpencil tests.

ICT opens new possibilities for
innovative assessment practices. Universities
might capitalize on the full power of ICT to
innovate by providing a richer experienoé
student learning. Universities are becoming
more aware of this and are transforming and
enriching their practices by using digital
assessment technologies.Zagsessment also
represents an attractive option for institutions
looking to address the logisal problems
associated with the increase in student numbers
entering higher education (Walker, Topping, &
Rodrigues, 2008). Furthermore;assessment

December 2015 Vol.6 No.1B361253

Educators can thus increase the
frequency of selassessment with higherder
learning outcomes to enhance the experience and
quality of the learning. Students can in turn be
freed to determine their own learning path along
defined milestoas and assess their learning for
successful performance. They mention that the
real benefit for students is getting immediate
feedback, which enhances their learning
performance and also activates their intrinsic
motivation within the learning setting. Bhort,

it reduces staff workloads whilst improving the
quality of assessment for students.

By taking advantage of the use of e
assessment, (Dreher et al., 2011) also discuss
how universities report commercial benefits. In
this respect, the reputatidimat universities want
to obtain or maintain is an important issue. Since
the quality of education is valued by society in
successful graduations and pgsaduate job
performance, high quality education is a key
driver for new student enrolments and adsek
research and business projects, including
endowments and sponsorship. Thus the
pedagogical benefits of improved assessment
methods and outcomes can affect the overall
university performance. Moreover, automated
assessment can trigger an improvementhef

also helps to speed up educational processes by administration and curriculum planning, as

eliminating papebased processes such as
printing and Ripping, which represent a cost to
both universities and students. It thus becomes
an attractive strategy for administrative
authorities in universities.

Dreher et al. (2011) remark on the
pedagogical benefits obtained, particularly in
feedback praates, by using -@ssessment
technologies. The technological tools allow
educators to be freed of certain tasks, such as
marking hundreds of assessment items, and
therefore they have more time and energy to
spend on giving more meaningful formative
feedbacko students.
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researchers (Dreher et al., 2011) point out
precise calculations of financial costs based on
the number of students and shorter time spans
between exams and results.

Technological assessment is gaining
more popularity in enterprises; these are now
using it as a way to assess new job candidates. It
is also used to evaluate their workers in order to
certify job proficiency.

The two main classes of technological
tools for educational assessment are broadly
classified as-¢esting and gortfolios.
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Next, we shall mention some cases of e Commonly a chosen scoreighest or

testing which show how technology has average) after a number of attempts can be
contributed to provide innovative ways of considered as the final mark for a formative
teaching, learning and assessment. Later, we assessment. This means that students learn from
briefly mention eportfolios. feedback following their attempts.

Relating to eesing technologies Hodgson & Pang (2012) conclude that
Hodgson & Pang (2012) discuss how to engage online formative assessment actiedi help
students in formative assessment practices by st udent s t o real i se of
doing online multiple choice questions performance through cont |
(MQCs). They report a strategy that help the online environment. A welbased
students to reinforce new concepts by environmentis a good way of providing learning
encouraging students in acties that allow challenges, particularly for large classes where it
them to make multiple attempts in the context of is possible to apply aandomised quiz to
a statistics course. The researchers use motivate students to make multiple trials. The
technology to promote students' participation in  researchers conclude that the learning
ontline tasks on a regular basis. The tasks are opportunities for students were enhanced. There
useful for students since they can check the i s fimor e traguieded leaonng anak | f
correct answers and thus evaluate their own reflection on what was learned; students can
performance. Therefore, they are able to reflect clarify misconceptions in facéo-face discussion
on what is taught in class and think critically, in  with peers; and peers feel more confident to ask

a process of continuous reflection on their f or help Iin a supportive
performance. They show how educational However, the point is that the usage of MCQs
technology has supported studentgdfiection supports recall of memorized knowledge

and led them to take greater ownership of their without checking deeper understandasgcan be
learning. included in a taxonomy of educational objectives

(Bloom, 1956).

These researchers state that tests with
MCQs (one answer and a few distractors) in on The study by Gill & Greenhow (2008)
line learning environments have been widely reports evidence of the benefits of the interaction
used as a method of both formative and between students and feedback receivetnan
summative assement. They stress that these while they interact with the computarded
ontline quizzes bring benefits to students by assessments (CAAS). These researchers focus on
providing timely feedback and that their use providing rich feedback to the students when
motivates students to keep practising during a they answer multiplEhoice and responsive
semester. Also, MCQs can be set to examine a numerical inpuflype questions that compare a
broad spectrum of declarative knowledgeaof student's input, an answer, against that resulting

subject. from a coded malrule (amcorrect rule for
syntactic transformation of a mathematical
A special advantage of the use oflore expression).
MCQs for formative assessment practices is that
it allows multiple attempts to answer a question, The technological tool reports exactly
which means that these questions can beimsed where the error was made and provides a
pre- and posfcourse tests. complete solution that allows students to be able

to determine their errors.
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By making students eage with the
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Reiners et al. (20)1have pointed out

feedback, they are then able to relate the aspects that automated assessment systems only support

of the feedback to their written work, such as use
of diagrams, presentation of solutions and
correct notation of vectors, demonstrating that
they have developed organisation and
presentatiomskills. According to the researchers,
the study shows that students are able to improve
their performance in formative and summative
assessments while they are engaged with the
CAA assignments, especially by spending time
studying the feedback.

These autbrs remark that students do
engage with formative assessment activities,
even when no marks are allocated, due to both
the quality of the CAA and a structured and
supportive environment (lab sessions are
scheduled in studentso
that when students engage with highality
feedback, the benefits appear to go further than
simply shoriterm recall.

Other researchers have also explained
how a webbased learning tool can help students
to improve problessolving skills and
performance. Forinstance, Crippen & Earl
(2007) explain how a webased testing
environment providing worked examples and
selfexplanation prompts has the potential to
improve problemrsolving skills and conceptual
understanding. They mention the use of worked
examples, (dtailed problem solutions that
contain identifiable qualities and characteristics)
are designed to provide students with some
structure for understanding what is the solution
of a example without giving them a script or
algorithm.

Researchers worked through these
examples with their students; their results
suggest the combination of a worked example
with a selfexplanation promptly produces
improvement in performance, problem solving
skills, and seHefficacy.
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memorized knowledge. Nevertheless, the recent
technological advances in automated assessment
are a convenient option. Emerging technologies
on assessment intend to support interpretations
of short answer and essay type questions. These
educational tools would support interpretation
and problerrsolving levels (Reiners et al.,
2011). For instance, automated essay grading
tools (AEG) are computdyased tools to assign
grades to essays written ian educational

context. These tools are based on natural
language processing and normalization
techniques whi ch compar

words of an essay with a model solution
(normalized word vectors and their frequency
from the essay are mapped to ithe

carrespording ot everd in & thésauhus).sTheo w s

research of Nicol & Macfarla®ick (2006)
shows that essays can assess highder
learning.

However, Reiners et al. (2011) argue
how the success of these innovative tools is
being blurred by the idea thilnese cannot assess
higher order tasks as accurately as human beings
would do. In the case of assessing student's goals
through electronic essays tools, there is a current
belief that human markers are superior to
computers at the tasks of understandiogtent
and making comparisons between student essays
and a model solution. The researchers argue that
the use of automated essay grading tools (AEGS)
refute the idea that computers cannot do human
activities that require higher order thinking.

They ment on t hat Awhi |
true for many endeavours, it is no longer true for
grading essayso. As a
electronic assessment, particularly automated
essay grading is an option that works for
universities, emphasizing the idea that
technology works as accurately as human
markers enhancing formative feedback, saving
time and money.
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Other useful desting technologies that The main driver for institutional -e

have gained broad popularity are plagiarism portfolio initiatives in the UK is the Personal
assessment tools. These are tools that compare aDeveloping Planning Policy (QAA, 2001).
document to a set of éguine' reference Although it has not just been the unique driver,
documents in order to retrieve similar patterns of according to Joyes et al. (2010) thes@dhalso
text. Although these t oboelesn idbh e oti nmapsosretsasn clee ao h
or application of c¢onc aidenisg kartxipation,d gredo in¢rddsngn e r s
et al., 2011), these have been successfully reflective learning have also contributed to
applied in universities as practical and @ént widening interest in -@ortfolio tools and

tools to assess the originality of writtenessays. t echnol ogi eso.

Aneportfoli o is def i ned E-postfolidst siseemphawe gproved tp be
created by the learner, a collection of digital an important tooko enhance quality learning,
artefacts articulating experiences, achievements according to Gray (2008) in the JISC report
and learning. Behind any product, or effective practice with -@ortfolios, these
presentation, lie rit and complex processes of electronic tools can serve to develop higher
planning, synthesising, sharing, discussing, order functions, leading to students becoming
reflecting, giving, receiving and responding to independent enquirers; creative thinkers;
feedback. These processes are the focus of refledive learners; team workers; selfanagers
increasing attention, since the process of and effective participators, skills that employers
l earning can be as i mp amndthigherteduzaiontwaneto sea devefoped thu c t
(Gray, 2008). These technologies have proved to current generations of learners. Moreover, the
be important educational tools, that promote and creation of an ortfolio involves a critical
support learning (Alexiou & Paraskeva, 2010) process: reflection. fis process is a key aspect
and teaching leading to more profound forms of in the development of deeper learning through
learning, adding value to personalised learning selfreflection and selassessment which
that serves as scaftling approach of includes developing activities such as planning,
understanding and engagement:pdgtfolios goalsetting and future reflection. The process
also facilitate the transition between institutions also helps to build up a range of skillgluding
and stages of education, supporting education critical thinking.
and employment, staff appraisal and applications
for professional accreditation, and supporting Joyes et al. (2010) report on the tangible
learners based in the workplace (Joyes, Gray, & benefits of the use ofgortfolios.

HartnellYoung, 2010).
They classify the benefits as efficiency

The JISC in the UK is a very useful (time-savings for students, academics and,
source for advice on how to implement effective  administrators), = enhancement  (improving
practice in the use of-gortfolio systems and qguality of evidence and feedback, skill
tools, as well as to determine their implications development, satisfaction and increases in
for teaching, learning and assessment. JISC has recruitment and retention) and transformation
worked in partnership with other sectors and (innovation and changes to institutional policy).
bodies to develop and provide guidance to However, they also point out the drawbacks,

institutions on effective -portfolio practice to since eportfolio implementation is particularly
support lifelong learning. They have proposed comgdex, in part due to the number of
the development of standis and piloted € stakeholders involved since portfolios can be
portfolio technologies. used in several contexts and purposes.
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They suggest that there are threshold
concepts related to-@ortfolio implementation
and that developing an understanding of
effective pactices is not straightforward.

Regardless of the educational technology
used in assessment to implemenpoetfolio or
e-testing, there are some generic skills and
knowledge required according to the- e
assessment: guide to effective practice (2007).
The guide suggests that all staff involved,
irrespective of their role, should have (or be
trained to have) the following skills and
knowledge:

A broad understanding of assessment
principles.

- Anunderstanding of security importance
for conduct assessment and a security
measures knowledge required for e
assessment (particularly to their centre).

- An overall familiarity with the e
assessment environment and delivery
platform(s) especially to their centre.

- A recognition of possible malpractice in
e-assessment and the precautions needed
for its prevention.

- A legislation awareness relevant to the
centre operation. The general regulations
of relevant awarding bodies, and
regulatory authority guidelines and
codes of practice.

The UK government has proposed
several initiatives to recognise the skills and
knowledge of people involved in the delivery of
etesting such as the Level 3 Award for
delivering etesting. This initiative recognises
the importance of key aspects such as security,
legislation and regulations of adequate e
assessment practices.
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The units that make up this Award form
part of the Tacher Qualifications Framework
developed by (Lifelong Learning UK, 2010).

In order to gain a wider perspective of
emerging technologies that will impact the
future of educational systems, the Horizons
Reports (HRs) are a good starting point. These
reports are produced by The New Media
Consortium, NMC (2014) and the EDUCAUSE
Learning Initiative, ELI (2014). NMC is an
international community of experts in
educational technology whose role is to help
universities, colleges, museums, and
organizations drive imovation across their
campuses. ELI is a community of higher
education institutions and organizations
committed to the advancement of learning
through the innovative application of
technology. Since 2004 both have made yearly
predictions of the impact oCIT by using three
temporal horizons: the year of the report (short
term predictions), the next two years (rtéaim
predictions), and the four years following the
report (longterm predictions).

Regarding assessment practices, the
Horizon Report 2014 (NMQHorizon Report,
2014) discusses the actual trend of learning
analytics provides statistical and data mining
tools that can improve student services, retention
and aims through adaptive learning strategies.

Online learning platforms are
generating a lge amount of data about student
activity and dashboards provide both students
and teachers with an overview of this data. This
can help students realize how they are doing and
help teachers identify students who might need
more help and support, making immgements to
studentsdé6 performance
learning experience.

The increasing importance of assessment
practices in educational systems is a global
phenomenon.
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Countries such as the UK have seen the
e-learning movement and -a&ssessmentas
important strategic initiatives whose growth
potential is enormous. The UK has set
government strategies to include innovative
assessment practices. These
practices include; assessment feedback,
plagiarism/academic integrity, assessing and
recording student achievement, and methods of
assessment such as essgpe, MCQ, portfolio,
etc, and formative versus summative

assessments. These practices should have been

included in all UK universities by 2010, (Higher
Education Academy, 2010). Howeyenthers
countries such as Mexico have made insufficient
investments in science, technology and
innovation. As a result, the potential increase in
their economy is inferior to that necessary to
reach the level of other countries and achieve a
comparable ampetitiveness to that of other
emerging economies.

In accordance with all other available
indicators the general level of innovation in
Mexico is really low, not only in comparison
with other Organisation for Economic €o
operation and Development (OECDyuntries
but also with the most dynamic emerging
economies (perspectivas OCDEMexico
reformas para el cambio OCDE, 2012).

Issues inhibiting eassessment uptake

We will focus on the factors that limit the
adoption of ICT at universities in order to
possibly avoid repeating the same mistakes. It is
believed that not only is it useful to figure out the
main barriers, it is also important to know what
facilitates adoption; it is also very valuable to
focus on what strategies have been successful for
universities in order to implementassessment.

We will identify facilitators and barriers
to the adoption of educational technology for the
assessment process.
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This demonstrates how well a university
is prepared for it, whether the university's staff
havethe skills to carry out the plan and to what
the extent all stakeholders are involved in the
plan. This will help us to design and implement

assessment electronic assessment plans successfully. On the

other hand, it also helps in designing future
policies for the adption of eassessment as well
as help to establish a context for commercial
agreements related to the assessment by
computers.

In order to obtain a clear view, we take
into account the model of Ocak (2011), who
identifies categories and themes to classify and
examine the impediments that face faculty
members in the adoption of blended learning
environments. The study identifies reke
categories and eight themes as results of faculty
members' problems with blended courses. The
categories were classified as instructional
processes, community concerns, and technical
iIssues.

The themes derived from these
categories were identified Ascomplexity of the
instruction, 2. lack of planning and organization,
3. lack of effective communication, 4. need for
more time, 5. lack of institutional support, 6.
changing roles, 7. difficulty for adoption of new
technologies and 8. lack of electronmneans.
Considering this model as a reference, we
identify the categories and themes that affect the
adoption of electronic assessment technologies
which we have classifi
structureso, Afacul ty
Aftechnol ogi crael
categories and their related themes that we have
represented in Table 1.
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Administrative structures

Institutional policies

-Lack  of
promotion)
-Lack of resources,
infrastructure
-Ineffective  dissemination
assessment

incentives  (tenur
equipme

of -¢

Administrative
structures

-Changing of roles

-Lack of support on legal matte
such as plagiarism, data protecti
intellectual property rights

-Lack of skill and understanding
-Health and safety issues

-Lack of key roles for administratio
support services and departments

Technological infrastructure and systems

Systems, applications
and environments

-Limited functionality
-Incompatibility

-Limited availability

-Lack of reliability

-High risk of technological failure
-Limited availability of internet
connection

Pilot projects

-Difficulty of adoption
-Insufficient funding

Technical support
plans

-No backup plans
-Lack of follow up
-Lack of technical support

Security issues

-Passwords, cheating, impersonati

-Resources withheld by sen Kof ol ; X
management Upgrade technology | -Lack of plans for renewing system
-Lack . o.f interdepartment Table 1 The main factors affecting the adoptiof e
N communication .
Communication _— . assessment technologies
-Lack of communication  wit

academic staff

Table 1 gives a wide view of the current
landscape of electronic assessment. It identifies
the main barriers to the adoption that affects all
stakeholders involved in the electronic
assessment process recognizing the key points
which allow us to clearly iehtify strategies and
tactics that may help to minimize the cited
barriers.

-Not  enough investment fi
technological infrastructure

-Lack of new projects

-High cost of licences

Funding

Faculty concerns

-Inability to evaluate higher leve
skills

-Is viewed as a secondary
authoring, marking, reporting

Pedagogical research -Not appropriate for particulaubject The table is divided into three categories.

-Lack of development of examinati We call the top | evel N a
procedures ; ; ;
‘Making ICT the focus instead which  represents _ pol_lemakers, senior
pedagogical matters management and university staff who propose,
Lack of willingness deS|gn_ and implement the poI|C|es_ and
-Lack of confidence and reliability educational plans related to the adoption of
-Fear of failure technologies, including technologies of- e
-Feelings of isolation assessment.
-Wrong expectations

Attitudinal issues |-Fear of anonymous submission
assignments We cal l t he second
-Threat of reductions of facul concernso which represenit
”;embelrS, . needs and problems to embrace IGIT their
-reetings ot dis teaching and assessing practices. This includes
digital natives

important matters such as pedagogical and
attitudinal issues, training concerns as well as
spending time learning educational
technologies.

-Lack of computer literacy
-Lack of expertise in the design
-Complexity of instruction

Training

. -Lack oftime
Time
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The bottom | evel cal | eldi kfietwei cshen,o | ofgd icfafli cul t
infrastructure ands y st e ms 0 i ncl udyest emestot ef War burt on, 20
related to availability and efficiency oftheuseof adequate computer traini

ICT resources. These factors are crucial in
adopting ICT, particularly for teachers
(Bhuasiri, Xaymoungkhoun, Zo, Rho, &
Ciganek, 2012). Teachers who perceive that
these requaments are attended and also
satisfied should be more willing to use
assessment technologies.

As seen in Table 1, for teachers a
common and continuous barrier is the lack of
time to learn and use antesting environment
(Whitelock, Mackenzie, WhitehousBuedel, &
Rae, 2006), (Sim, Holifield, & Brown, 2004).

However, educational research shows
also that the use of ICT can compensate for time
spent in grading/scoring practices which are
commonly considered as tedious and time
consuming practices.

The time invested in creating high
quality materials for -@ssessment is another
important barrier. This also includes training and
experience to develop creative questions
(Brasher & Whitelock, 2006). Bull (2000)
proposes some strategies to overcome these
bariers such as building up banks of questions
and to share common questions. Although there
is plenty of material available on the web, Bull
advises that their quality is often low. In the
same way, she points out that security issues,
copyright and organaion are serious obstacles
for the effective use of question banks.

Importantly, the activites must be
recognised as valid academic products that must
be developed by teachers, and should be
included in a regular timetable. However, Bull
also mentionghat until it becomes a mainstream
activity the efforts to release time for these
activities will be lacking.
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et al., 2006) are twooenmon barriers mentioned

in literature. Not including plans for renewing
systems or inadequate technology upgrade plans
is an important barrier. In the day to day of
academic activities it is common to hear
complaints about "the system has failed" which
can cause both teachers and students to feel
discouraged in using the systems. The key point
here is to implement appropriate policies and
plans that keep systems running. This clearly
depends on organisational structures, for their
implementation and followp.

On the other hand, we want to highlight
an important finding which must be carefully
taken into consideration. It is related to teacher's
perception that use of ICT has been imposed by
institutions regardless their needs. It makes
teachers feel wnilling to use ICT, as they think
it can affect their autonomy. To avoid this
McCann (2010) advocates guidelines to manage
cultural change that includes choosing a leader,
defining a vision, starting with pilot projects,
motivating teachers with hands ftraining and
informing them about the system with particular
emphasis on results and impact. The above
points show that many of the obstacles are
related to academic staff (Whitelock et al.,
2006).

Other important drawbacks are that the
selection of ICT fo teaching, learning and
assessment is an approach that does not include
enough detail of a pedagogical plan, which
deters the adequate use of technology (Heinrich
et al., 2009). The combination of deep skills and
technology and pedagogy knowledge for e
asessment are not common questions. To
develop pedagogical and technological
strategies and make them accessible to all those
involved, is an effective way to cope with it.
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The provision of training sessions for
teachers, resources, advice and guidaneésc
a way to overcome this barrier.

To obtain tangible results in universities
will require a clear support by poliapakers at
the institutional and national level.

From the students' point of view,
although they are very familiar with the use of
technology, they are still worried about the
security of testing (Cassady & Gridley, 2005),
possibilities of cheating (King, Guyette, &
Piotrowski, 2009) and the fairness of question
banks (Dermo, 2009). If students do not have
enough confidence in a testattcan affect their
levels of engagement and cooperation (Domino
& Domino, 2006).

Other important barriers are highlighted
by Bull (2000) in their annual report on
ComputerAssisted Assessment (CAA) in the
UK. The report points
undersanding of the limitations and potential of
the method of assessment and the assumption
that it is not possible to test higher order skills
using CAAO are two
implementation of CAA. The report advocates
Nt o
departmental level; to provide good examples of
materials in a
powerful way to show that CAA can test higher
order skills. However, the report advises that
because of the high level of skill neededreate
such materials, these are difficult to make.

This is also shown in the research of
Warburton (2009), where it is stated that factors
such as nfear of CAA
dissemination of good CAA practice, difficulty
using the systems andswmurces withheld by
senior managemento are
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Concern over security issues is another
factor restricting the adoption of electronic
assessment technologies. Bull (2000) points out
that this results in fAte
which manifests itself as a demand for much
more stringent security measures than would be
adoptedforpapdn ased assessments

The causes ar e: g
unwillingness to participate, resulting in
identifying difficulties and reasons for failure;
unrealistic expectations of technology; and a
misguided belief that students will only consider
cheating i f they are
strategies to overcome this issue include
encouraging a more sensible approach to
security measures and awareness  of
developmets in technology which help the
security of examinations. These are also
important within the context of assessment
strategies and strategies in general.

ot )

us

0 UAspects hoh reliabitity aind \zaldiky are f
important in designing electronic exams/test. For
educatorghe main concern is keeping marking
reliable, particularly for larger classes (Heinrich

i mp etrat., 2000). tudents are Imers intérested ih h e

efficiency, transparency and fairness of their
influences the
degree of engagement shown their studies

This i

Factors driving e-assessment uptake

To recognize the factors that facilitate the
adoption of technology, we will now consider
the strategies and tactics that enable its use.

f aTolsuccessfully adope te¢heolody i omee
has to be convinced of its usefulness; to identify
which factors are driving each stakeholder to get
ingolvéd e theodssedsmeat! ppeess. We have
included below the most common factors that
encourage their use.
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A major factor often mentioned in As the principal factors involved in- e

literature is  active institutional and learning adoption. Their conclusions show that
administrative senior management support t he Ai nfrastruct ualte an
(BuzzetteMore & Alade, 2006), that strongly di mensi ono IS t he mo s t

teachers' perspective. Therefore, it seems that
active institutional support is crucial, as we have
already pointed out above.

supports the proposal of strategies for academic
staff development and training (Whitelock et al.,
2006), (Warburton 2009), (Heinrich et al.,
2009).

Likewise, Heinrich et al. (2009) points
out that successful -@ssessment adagqm
depends on the flexibility (willingness) of the
academic staff.

This is not surprising, as poliapakers
and administrators should be the first to be
convinced that educational technology can
greatly enrich the assessment practices.

Another important factor, is the
willingness of staff to develop material, which
clearly requires specific training to develop
teachers' abilities and skills.

The role that policymakers and senior
management play is crucial for edtional
technology adoption for the -a&ssessment
process.

The opinions and experiees of

Their support serves as motivation for
teachers and students to adopt ICT, as is
highlighted in Whitelock et al. (2006), who point
out that the main facilitator of effective
implementation of @sessment is the support of
the school manager, combined with staff
development and pedagogical and technical
support. Likewise, Heinrich et al. (2009) notes
that teachers need more support from the
university management when using automated
assessments.

This is also stated in the work of Bhuasiri

educators can influence colleagues' willingness
to use a specific educational environment
(Heinrich et al., 2009), (Warburton 2008). This
suggests that a teacher can agree to use a certain
system and disagree to use another one. In this
way, his/heropinions can affect colleagues'
perceptions and opinions and therefore modify
therr willingness to use a systeithe ideas cited

by researchers (Heinrich et al.,, 2009),
(Whitelock et al. 2006) show the importance that
pedagogy plays in a technology adoption plan.
As Heinrich says
technology should be guided by pedagogical

it he

et al. (2012), whose research tries to identify as
factors that influence the acceptance of e
learning systems in developing countries. The
results of this study are particularly applicable in
our research, since -asessments are an
important part of the -kearning technologies.
They identify 6 dimensions and 20 critical
success factors (CSF) that affect the adoption of
e-learning. They define the dimensions; learner's
characteristics, instructor's characteristics, e
learning environment, institution and service
guality, infrastructure and system quality, course
and information quality and meation.

design of the assessnte®@ and not
other way around.

They also point out that other important
factors that facilitate the adoption of electronic
assessment ar e nt he rem
limitations, reduction of losing work risk, saving
time and resources if pting is not required, the
availability of a longterm archive of student
work based on the ease of storage of electronic
material, and fast return of marked student
wor ko which can also se
educators who want to enhance their teaching.
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It is noteworthy that the practical benefits
for educators are the reduced effort and time

December 2015 Vol.6 No.1B361253

For teachers the lack of time to develop
guestions or even to learn the software (Dermo,

spent on assessment practices. When teachers 2007); (McCann, 2010); (Whitelodk Brasher,

adopt technology in their class, they acquire new
skills that improves their performance.

Once they have used the technology, they
do not want to go back to using traditional
practices (Heinrich et al., 2009). Electronic
assessment practices facilitate the opportunities
for anonymous participation and marking which
support group activities, amehprove the quality
of marking and feedback. Whitelock et al.
(2006) mentions that technical support for
teachers is an essential facilitator (including
technical services and the design of electronic
assessment tasks).

We will also analyse the impact this
factor on teachers' willingness to adogiesting
technologies.

More recent research, e.g. Reiners et al.
(2011), point out other factors that help the
dissemination of strategies of automated
assessment technology such as demonstrations,
case sidies, and handsn experiences (e.g. 3D
Virtual Worlds). Technologies such as advanced
plagiarism detection have also been successful
promoting advanced automated assessment
technologies.

Conclusions

In this study we have reviewed the literature on
the current state of knowledge and practice
regarding electronic assessment, and wish to
conclude with some wuseful insights that

summarize the adoption of ICT in the

assessment process. Knowing these factors

positive or negativeenables us to determine

whenthe staff are well prepared to implement a
plan to adopt technology, as well as the grade of
willingness of the main stakeholders.
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2006); (Warburton, 2009) are important barriers
for the adoption of @ssessment.

Nevertheless, the literature shows that
adopting electronic assessment practices can
help teachers save time (Whitelock et al., 2006),
which compensates for ttiene spent in learning
and developing-assessment strategies.

Teachers' training in computer literacy
and test construction is another important lesson.
(Sim et al., 2004), (Warburton, 2009), (Purvis,
Aspden, Bannister, & Helm, 2011), (Dermo,
2007), (Aslon, Beevers, & Thomas, 2008).

Another important factor is the design
and development of a technology plan that
considers sufficient details of pedagogical
strategies.

It is fundamental to include aspects of
validity and reliability in designing a uséfplan
for adopting technology to educational
assessment, because it depends to a large extent
on the level of trust and confidence that students
embrace in the assessment practices. This will
also be reflected in students' efforts in their
learning (lanone & Simpson, 2013).

In the research of Bhuasiri et al. (2012),
the infrastructure and system quality are the
most significant categories from a faculty
perspective at the universities and found to be
also at the educational organizations. Hence, it
might be interesting for policynakers and
senior management to initiate strategies
regarding funding the development of new
educational projects that enhance the assessment
practices by the use of ICT. As Whitelock et al.
(2006) remark, a successful implenarn of
electronic assessment depends on active
institutional and administrative support.
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It must not be forgotten that the adequate
design of electronic assessment methods must
include technology for the right pedagogical
reasons as educational reseaadvocates, the
use of technology for its own sake does not
improve educational assessment (Heinrich et al.,
2009).

As is shown in the experience of other
countries such as UK, wherdearning has been
recognized as a movement with a huge growth.
The UK government has focused on developing
new initiatives to recognize the electronic
assessment process as an important strategic
initiative. Policymakers and senior
management have the power to foment and
create these changes. Also, teachers must be
involved in a steady and continuous change.

Their strategies must be extended to
include all stakeholders involved in the
educational processes.

Not surprisingly, teachers also need to
take into account that there are wide political and
business issues in thackground that affect the
appropriate  development of  electronic
assessment at universities. To deal with this
situation, policymakers and senior management
must learn the best strategies to obtain real
progress to all related stakeholders.

ICT has revaltionized the education
system by making it more accessible to modern
society.

This should be an advantage to students,
teachers and universities. Technology enables
education to be available to more students,
including those from the social stratum ogth
needy. This not only can meet actual demands
for higher education, but also offers innovative
teaching, learning and assessment methods that
undoubtedly will be attractive to new
generations of students.
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Educational technology also plays a
crucial rolein automating each task and stage of
the assessment process and although its use and
effectiveness has already been proven,
educational literature shows that there is still a
huge need to develop these innovative
approaches. Research hagsessment indies a
huge variety of perspectives that leads to
continuous change. There is no single solution to
the challenge of effective education.

However, the willingness to adopt
innovative educational assessment methods will
indeed make a positive difference students'
learning. We conclude by citing the idea of
Stodberg (2012), who points out that knowledge
in this area is quickly expanding and there is a
need for more studies related tagsessment.

There are still many opportunities that
are not being tang advantage of, and the
emerging research should be constructed with
the aim of proposing specific strategies for
developing new approaches tagsessment.
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Abstract

This paper presents an analysis of modular technological capabilities in furniture industry, in particular
case of two companies producing wood residential furniture, BV and B@&Se companies operate in

two different areas of furniture industry, the first is characterized by producing classical European style
furniture. The second detonated SGS at time known Mexican rustic furniture design. Both companies
have offered their pragtts nationally and internationally, which led them not only to establish the quality
within its objectives, but also needed management strategies productive and technological capabilities
and design to stay competitive in their market. This documentde@rsthe technological effort of firms

and analyzes the modular capabilities have developed in different areas such as production, product and
marketing.
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Introduction

Introduction the work of Baldwin & Clark
(2000), focus on design as a key activity in the
innovation process, being the design establishes
the architecture of artifacts and their
interactions. They analyze the modularity as a
mechanism that enhances innovation given the
standardization of interfaces with other
appliances.

Modularity is the proess of dividing a
large design in consistent units "modules” that
can work together as an integrated whole. By
definition, the modules are indivisible units of
the activity of design within a larger, divisible
and hierarchical system. A module is defiraed
a set of parts that are interrelated structurally
interlinked to form a unit which is integrated into
a larger system, in which interacts with other
modules through functional links (Baldwin and
Clark 2002, 6).

A modular system is composed of
modules hat are designed independently,
designers get  modularity  partitioning
information in visible rules of design and hidden
design parameters, enabling the functioning
together as a whole. The modularity is beneficial
only if the partition is accurate, competand
nonambiguous.

Modularity, is the response that has been
built to address the complexity, presents a
breakdown of complex products in simple and
independent modules through a standardization
of interfaces.

This production strategy has been
admted by various industries that handle a high
level of technological complexity, and seek to
reduce the diversity of components reaching a
productive synchrony and high levels of
standardization of components inside and
outside your company or industry.
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This document presents in the first place
the tool used to perform this analysis, then
presents the main elements that determine the
modular capabilities, as the third point arises the
economics of the furniture industry context,
followed by the definitio of the two analyzed
cases and its analysis, in a fifth section presents
the results and finally the conclusions of the
analysis are presented.

Methodology

First of all put this research into the methodology
of case study, for which followed the

methodology proposed by (Yin, 1994), we
define this study as multiple holistic, in which

there are two cases and an object of study.

For the analysis of the modular
capabilities, Gonzalez (2014), proposes an array
of modular capabilities that allows you to locate
the State of the modular capabilities of
enterprises or industries, this matrix is that we
use to perform this analysis to furniture
companies. This matriidentifies the types of
modular capacity that can be found in the
Organization, to then assess the level of these
first, i.e., allows us to recognize the modularity
and the level in which the analyzed organization
is located, but also allows us to estdblia
management strategy of these capabilities
according to the production environment of the
company It will advance the capabilities to
improve its competitive position.

Firstly the technological capabilities of
both companies were analyzed, then fodubke
modular capabilities study, determining the type
and the level in which are, describes these
capabilities in terms of their productive activity.
Table 1 presents this tool used to assess the status
of these capabilities in both companies.
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Modularity in| Modularity
the in
configuration| production

Modularity
in the use

Modularity in

Types transportatio

Levels
1. Null
Capabilities
2. Basig
capabilities
3.
Intermediate
capabilities
4. Advance
capabilities

Table 1 Matrix of modular capabilities (outline)

This matrix is divided into four types of
modularity and in three levels of the same, also
offers a reference point of zero state of
modularity, a reference in a premodular state,
which serves as referentedetermine, case of a
company or organization that may be at a point
prior to a state of modular capability. The matrix
here proposed, allows an internal and external
analysis of the productive organization, as well
as it allows in the same way, analygian object
in relation to its architecture and design rules, as
well as its interconnectivity with other systems
or subsystems.

The principles and foundations of the
modularity

Design Rules

Modular design rules established strict partitions
of knowledge and effort in the realization of a
design that supported the structure of efficient
and flexible processes, whose parts are worked
independently and in parallel with each other.
The applicatio of those rules extends the
possibilities of design and thus opportunities for
more innovations in the modular design. In a
modular configuration options in the design are
multiplied because changes in one module
become independent from changes in other
modules.
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They are also decentralized because as
designers adhere to the design rules, you have
the freedom to configure (apply modular
operators) without reference to the original
architecture or any central Configurator of
design (Baldwin & Clark, 2000

According to Taboada (2005), these rules
of visible design fall into three categories,
architecture, interfaces and standards.

- An architecture that specifies which
modules will be part of the system and
what are their functions.

- A series of interfaces that describe in
detail how the modules will interact,
including how it is that they will work,
will be connected and communicate
together.

- Standards to prove that a module
compliance in accordance with the
design rules.

That is,architecture is the plan of basic
design of the product, which is to divide it into
different parts by assigning them different roles
and deciding how they are connected. It may be,
Integral: one whose components have a high
degree of interdependence. Ooddilar: design
that is based on the use of components and
interfaces, allowing customization
(customization) of the product by mixing and
setting (mix and match) them (Taboada, 2005).

The formalization of a modular
architecture enables the independencé o
structure and functioimtegratior.

1 Modular architecture began to be developed in the
computer industry from the e. U. A. between 1960 and
1970 and resulted in the emergence of clusters of firms and
markets around successful computer systems modula
(Taboada, 2005).
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The interface as well as the bond of
communion of the components must denote the
language indicative, to establish formal features
of the component, that denote the operation,
assembly, clamping and any other indication to
the user for ptimal operation (Gonzalez, 2014).

Principles

Following Ethiraj & Levinthal (2004), when the
strategy is not modular, a small change/problem
can affect the entire system. Modular systems
are more stable and predictable, and it
establishes seveositions on the modularity.

- Modularity relates positively with speed
of imitation of the design product, and
therefore negatively the durability of the
advantages of product performance.

- The heterogeneity of the product
negatively moderates theelationship
between modularity and imitation.

- Modularity will be positively related
with the speed of the increase of
improvement and performance of the
product.

- The modularity is positively related to
the reliability of incremental
improvements to thegsformance of the
product.

- The modularity is positively related to
the likelihood of radical innovation in the
component and subsystem level.

- The advantages of radical innovation,
gained through modular design are
positively related to durability of
moddar performance of the advantages
of the organization.
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- The experience in the use of the modular
design principle, positively moderates
the relationship between innovation and
modularity.

Lara, A (2000), points out that the
modular architecture has atlst three objectives
i) standardization and decrease of variability; (ii)
increase in the variety; and (iii) flexible
manufacturing processes.

Standardization and decrease of variability

The modular product is built with a series of
units or moduleswhere all the product variants
can be created from those modules. The modules
are linked together through interfaces. In this
way, is built the product with a minimum of parts
reducing its variability and expanding the
flexibility of designs and creatin@ structure
open to change.

Increase in the variability

The modular architecture allows the interior of
each module to improve the designs and produce
variations that explore new forms.

The variety in the product is created with
different versions ofach component in the final
product. So any combination of components can
be assembled in different versions of the same
product, or even in different products, with slight
modifications.

Flexible manufacturing processes

The units or modules are commoomponents

of all variants. The variants are defined by design
rules that respect the assembly and
interconnection interfaces.
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Modularity levels

Modular system designers must design and
specify visible design rules, needed to make the
modules work aa system, the modularity in the
development of new products may occur at four
different levels (Hsuan, 2000):

- Components: parts standardized, well
defined and accepted as industry
standards. They are useful for many
industries.

- Module. Combination oflifferent parts
of the component level.

- Subsystem: formed by the combination
of modules, under specifications for each
subsystem.

- System: Composed of subsystems with
clear boundaries and defined interfaces.

These four levels can be or not present in
products, this depending on the modular
complexity of the object, to more complex
higher level, less complexity less modular level.

The complexity is not given by the
number of components, if not for the
combinations in the modular arrangement
(Gonzalez, 204). The degree of modularity in
the development of new products is highly
dependent of the number of standardized
components, the composition of components,
the interfaces between components, modules and
subsystems, as well as the degree of substitution
of components.

As more components are created at each
level, modularization implies greater restriction
on the system level, increase in the degree of
customization (Hsuan, 2000).
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Modularity typologies

It is possible to define the modular design from
different perspectives: product and technology
process, reconfiguration of the spatial
distribution of components and subsystems;
degree of connectivity and remnnectivity of
the elements of the system,.diicara A., 2000).

According to Gonzalez N., (2014), we
find various kinds of modularity of agreement to
different authors, she brings these proposals into
four types: 1) modularity in the configuration, 2)
modularity in the production, 3) modularity in
use and finally, 4) modularity in transport.

- Modularity in the configuration: it is
"hierarchy of the product”, i.e.,
"architecture of the product” which
defines the plan's basic design, which is
to divide it into different parts, assigning
different fundions, likewise defines the
interfaces between components.

Is designated when the components are
closely interrelated within units, and there is
among them a task interdependence and
parameters, and these, in turn, are independent
units (Baldwin and Cik, 2000;) Fujimoto and
Akira, 2001).

- Modular production: consists of the
"hierarchical structure of the product and
its production process”, i.e. the
modularity provided by the variety of
components of the product and the
variability among them.

She completely specify all parts of the
product and their interactions, are standardized
under the strict parameters and can be
manufactured or made at different times and
each component or process in different place.
(Baldwin and Clark, 2000 ;) Fujimoto andkifa,
2001).
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- Modularity in use: it is defined in terms
of the interrelationship between the
"function of the product” and the
"hierarchical structure of the product”,
i.e., the function of the product is
governed by the architecture of the
product. l.e. lte provision provided by
the appliance the user to configure or
reconfigure the product according to
your needs. (Baldwin and Clark, 2000 ;)
Fujimoto and Akira, 2001).

- Modularity in transport: is the
modularity sued by channels, means and
costs of the d@mon of moving from one
place to another component, module,
subsystem or system, whether by the
modularity intrafirm, inter-firm or for
marketing.

l.e. it can be defined by components or
modules that move within the firm or by
modules that ardelivered by suppliers external
to the company, these modules are assembled in
finished products in subystems on the main
line of the contractor, in a process of
outsourcing. Or it can be defined by the need to
distribute the product to a lower volumedan
cost. (Baldwin and Clark, 2000 ;) Fujimoto and
Akira, 2001; Gonzalez N, 2014).

The furniture industry

In sectors of economies of scale as the
automobile industry, the volume factor
distance that determines the economic density of
the product, has ndieen relevant element to
trigger another kind of modularity. However in
areas of low economic density products as they
can be certain industries such as the furniture,
since transportation costs are a crucial factor in
the competitiveness of the produceguired a
fourth type of modularity the modularity in the
transportation.
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This modularity is determined by the
capacity of modules or subsystems of recovering
ones from others, reducing its volume in
transportation given an outsourcing or in the
marketing of the product to the end user
(Gonzaélez, 2014).

The wooden furniture industry, is
considered an industry that uses mature
technology, with low technological income and
high international broadcasting. It is classified as
dominated by the supgli, however, even when
this activity is classified in this way, there are
companies that do not strictly conform to this
classification, which is analyzed in this research
(Gonzélez Vega, 2005).

The furniture of wood, for many years
industry has been arfaly business, formed by
companies that initially were small workshops
with little machinery and poor workmanship.
The product of this industry is a good of
consumer durables which are placed in the third
phase of the life cycle of the product. The
technobgical application of furniture products,
grows in importance in the global production.
Wood furniture manufacturing, linked resources
from the primary sector, including providers of
economic infrastructure; the secondary sector,
suppliers of inputs and wseces and; of the
tertiary sector, including infrastructure and
transport.

The wooden furniture  industry,
internationally turned towards the use of new
materials and increasing integration between
companies. Traditional production processes are
being oerwhelmed by technology transfer,
courses, trainings, technical manuals and
experimental productions, manifesting itself as
one of the great features of the international
industry of furniture (Torres and Mufioz, 2002).
Among the most relevant factors that
characterizes the new type of industry
(Dominguez, R., 2002:05)
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- Consolidation of companies to obtain
advantages of scale in the purchase of
raw materials and distribution of
products.

- Greater horizontal integration for the
manufacture of new products.

- Specialization of small companies in the
manufacture of components, such as
suppliers of large enterprises.

- A growing integration of small
businesses to form distributors to export
markets.

- Technological innovations seeking
simpler, less expensive andnore
automated processes.

- Less use of tropical timber and greater
use of the temperate.

- Increase in the use of MDF (Medium
Density Fiberboard) and fiberboard,
instead of solid wood (furniture for
kitchen 90%) and 80% in furniture for
the home and office.

- A change in the industry towards
manufacture readio-assemble (RTA)
furniture.

- More training in norms, standards and
quality control required in export
markets.

According to Gonzalez, N. (2005)

- The use of new tools and design methods
as CADCAM, Virtual and 3D furniture
design, have transformed the
technological profile and how to
conceive and produce companies.
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- The increasingly greater use of
information technologies, as the Internet
and intranet, as well as the use of
communicator radios for the exange of
information.

- The creation of databases of the
company, where the information is
organized to be consulted by the different
departments.

In general, this industry, moves along by
technological advances and the development of
substitutes for woad as well as by the
development of new finishes.

Globally, the industry is segmented by
product type, where the home furnishings are the
most significant.

Mexico has a moderately developed, the
furniture industry where important stages of the
productionprocess are still made with traditional
methods. So the national furniture industry can
be classified as intensive in hand work and low
volume. In Mexico are three types of companies:
automated, fairly automated and handmade,
inside of which dominate thtairly automated
and handmadgBancomex).

The wooden furniture industry mainly
produces furniture for the home, followed by
office furniture and furniture for institutions,
hotels, shops etc. Costs represent 60% in raw
materials, 30% labor and 10% in etlexpenses
such as transportation, marketing and other
areas. In terms of sales, for the year 2000, the
total sales of wooden furniture, the 58.1%
corresponds to the micro and small enterprise,
31.4% to medium and 10.5% to the large (Torres
and Mufioz, 202).

2 The companies that are discussed in this research are
defined one in fairly automated and other craft.
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This industry, controlled mainly by
national companies, is an important foundation
of manufacturing for domestic consumption.

The national fumiture industry, is
composed of about 44000 compadjess he
already explained are mostly micro and small.
54% of the companies are located in Mexico
City, Jalisco, Mexico State, Michoacan, Oaxaca,
Puebla, and Veracruz.

General characteristics

Size ofthe Many micro and small companig

company with an average of 6/7 compat
workers.

Style Traditional and craft with little own
design

Product line Different lines of products, with

great variety of models.
It has little speciatied machinery

Machinery and

equipment and Semindustrial equipment.
Type of Semideveloped, with idlg
Industry production capacity, low volume

of production

Table 2 Characteristics of the wood in Mexico furniture
industry

The economic concentration of this
industry isminimal, presents one less than 0.1
CR4, this means the four largest wooden
furniture-producing companies have no more
than 0.1% of the market.

The economic concentration in this
industry does not exist, since more than 90% of
the establishments are micrand small
industries, and over time, this divergence is
greater, in 1981 the number of microfinance
institutions and small was only 79%, for 1999
the percentage rises to 99%, i.e. the
concentration of the market disappeared, there is
no power market in th sector (INEGI). As
mentioned above, this is explained by the
number of establishments engaged in the repair,
and in addition the technological ease that
represets access to a mature industry.

3 15th Industrial Census. 1999 INEGI

ISSN-Print: 20071582 ISSN-On line: 20073682
ECORFAN Al rights reserved.

December 2015 Vol.6 No.1B2541279

Of the total exports Y customs of
furniture, the 15.8 percent wooden furniture
(Bancomex, 2001).

The world market of wood furniture is
increasingly more open, it is estimated that
world demand for this product is increased by
3% (Canacintra). Emerging new players such as
India, Viet Nam and Romania, while China
stands as a main player in the market.

Although lItaly continues to be the main
exporter of furniture in the world together with
Canada, Germany, China and Poland.

The largest importers are the United
States, United Kingdom, France and Japan.
Mexico is not in any of these two groups but is
expected in 2004 continued on an upward
trajectory as producer and exporter, mainly to
the United States.

One of the factors that make small the
competitiveness of Mexican modern enterprises,
are the high costs of operation, as it would be the
case of the lectrical energy that is 60% more
expensive compared with foreign competitors,
such as China (Canacintra).

The Mexican companies have indicated a
growth from trade liberalization, especially since
the implementation of the free trade agreement
with the Lhited States and Canada, this growth
has been explosive and provided investment
opportunities for the manufacturing and
marketing of furniture, which have had as main
target the domestic market followed by the
United States market. After this, Europe
represents one of the main markets of the
Mexican furniture.

The Cases
This section is a summary of the history of
companies, information on their origin and

evolution.
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Describes a set of background, Its furniture is targeting a particular

characteristics and information about production
and the rarket, to place the object of study in
one company.

VB Company

The VB furniture company, was founded in
1934, is located in the industrial zone of
Naucalpan, Mexico State, manufactured in a
home, English style furniture, which were exact

sector of the market, characterized as upper
middle class; being large, ample spaces for
furniture. In addition to having a higher price to
similar styles hat are available in the market,
because of its prestige and quality.

The company has its furniture to South
America mainly exported to Central America, its
main customer was in the country of Guatemala.

copy these designs and some European classics Production process

of the 15th and 16th century. The&eniture
were made in 100% solid wood, i.e.
industrialized wood (plywood or chipboard) was
not used.

It focused on a classified as upper middle
class market, which could acquire this type of
furniture, which are characterized by a large size
and high price. Currently the company is
dedicated to the manufacture and distribution of
wooden furniture for the home in the following
lines; canteens, bedrooms, tables, bookshelves,
especially using derivatives of wood.

Its main models which follows the line
that characterizes them: Orleans, Sheraton and
Chippendale.

Some of these models are maintained
today, but also has emerged a classic line that is
developed by this company.

Its main clients are; Liverpool, Dico
furniture, Hermanos Vazquez, Sears. lalso
present in the interior of Republic in the major
cities, such as: Guadalajara, Monterrey,
Tamaulipas, Morelia, Queretaro, and Hidalgo.
The Interior of the Mexican Republic, furniture
are distributed by large local retail chains. And
in some of theset&tes distributes its furniture
through its main clients.
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The company is currently dived into two

plants, the main plant, which manufactures
dinners (except chairs), bedrooms, booksellers
and Center tables. It is located in the industrial
zone of Naucalpan, and the plant Lerma, which
manufactures chairs for dinners, located in the
industrid area of Lerma, both in Mexico City.

Both plants are divided in the same areas
of production, but different dimensions. The
main plant, has a ship to one or two areas, while
the Lerma plant has only one ship divided into
two, for all areas of chairs prodtion:

- Storage area: is in charge of reception,
selection and distribution of wood,
sheets, chipboard and MDF to the
different productive areas.

- Shred: in this area it was held the yarn,
cut planks, molding parts, as well as the
training and integrationof (strips of
glued timber) boards and cutting of
sheets of plywood for the manufacture of
covers or modules that will be calibrated
to leave them to the exact measurement.

- Veneer: this area is responsible for
enabling the sheets of veneer (root of
Elm, cherry, mahogany, etc.) for the
veneer of modules and covers.
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- Machining: this area is responsible for
drilling, molding head, cut and shape the
veneer pieces, strips and wood boards,
for the dimensioning of parts, according
to the models of the product.

- Polishing: this area deletes the roughness
that arise in machined parts, to give them
the required texture.

- Pre finished: this area will ink some parts
by immersion, as well as the application
of the catalyst to covers of tables,
commodes, and bureaus.

- Finishing: this area has a single recent
acquisition machine, it consists of a
finishing process U.V, which is
characterized by being more resistant to
solvents and scratches. This finish is
applied to flat pieces such as, the surfaces
of tables, panelshglves, drawer among
other fronts.

- Assembly and final assembly: in this area
is the assembly of each of the
components that make up the furniture.

- Upholstery: the upholstery of the chairs
that arrive from the Lerma plant is done
in this area.

- Finished poduct (store): in this last area
is saved the finished product carefully
identified and accommodated in racks
that are arranged according to the order
of production, to be distributed.

Plant Lerma which only produces chairs
has similar areas of storage area, shred, veneer,
machining, polishing, pre finishing and final
assembly. But unlike the main plant, at Lerma
the product is assembled before entering to pre
finishing. Table 6 shows & process of
production of the furniture company, in its plant
Naucalpan.
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By reversing the order in the process of
Assembly and finishing, plant in Lerma is in
reverse.

SGS Company

It is a company specialized in the manufacture of
rustic furniture aisan characteristics in
industrial volumes.

It is located in the town of Chipilo,
Puebla 140 kilometers from the city of Mexico.
The plant of the integratedompany - is
installed in an area of approximately 60 000 m2,
divided into several section§, associated
workshops and integrated mieemterpriseSare
also located in the same community, creating an
important source of employment in the region.

It started operations in 1987 exporting
that same year 50% of its products to the United
States. Thatirst year, the company had an area
of 150 M2 and had 20 employees. In 1989 three
workshops for the production of furniture in
white were integrated. That same year they
started exports to Europe and its markets showed
very high growth, which led them totegrate
new associated workshops.

External workshops, mostly started by
internal workshops, i.e. integrated companies
born of the own company.

4 The company as such disappeared at the beginning of
this century, but continued with other social reaBdh
which operates under a similar system although on a lesser
scale. Retains the same designs and produces new, lighter,
more standardized under the same concept of furniture
rustic.

5 Companies of specialized services that individuals and
companies, assiated preferably small scale and medium
(SECOFI, integrators).

6 Subcontracted workshops dedicated to machined
furniture in white (unfinished)

7 Companies subcontracted by the company Integrator
(SECOFI, integrators).
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The capital of finance for the eation of
these new workshops, is issued by the same
company, is encouraged them to lending them
money so they start producing, coming at a time
of seltfinancing.

Products

Each of the furniture comes from a piece of old
furniture, from the 14th to th&9th century,
whose reproduction have been studied and
careful details

They are made with a combination of
new pine wood and authentic ancient woods
motheaten, whose whimsical beauty and
appearance has been created by nature.

They handle white furnitur® then give
the finish the customer wants, such as pewter
inlay, quarry, marble or talavera customers and
suppliers.

Clients and Providers

As initial export policy, it was decided to open a
store in California, United States, in order to
reach customerdirectly, without intermediaries

as they had been doing. However they faced the
problem that was not easy access to that market
since only 33 small businesses who were not
buying volume, that they had no awareness of
open market (Villa, M. 1997) could be
contacted.

The company decided to focus on
distributors, being the first contact in the United
States. The U.S. market grew in such a way that
it became their first source of demand, followed
by the European market.

Production process
The production pcess in the company is done
in two phases, functions of the workshops

depend on the production process of integrating.
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Functions of the associated workshops:

Shred: This is the initial step, which
involves cutting wood in longitudinal
dimension tables,in order to take
advantage of only that portion of wood.
Cleaning: Refers to get square faces in
wood, i.e. without imperfections and to
the specified thickness.

Dimensioning: It consists of giving the
final dimensions of length, width and
thickness to ta tables.

Assemblies: It is the work in wood which
gives resistance to the assembly and
therefore to the furniture.

Assembly: furniture using galvanized
nails are armed and it is made by
subsystemsAfter this process gets a
piece of furniture in whitewhich is as
associated workshops delivered it to the
company that this proceed with finishing
steps.

The furniture is designed by the
company, which is delivered to the sizes,
through the design of given parts and
planes of the design prototype.

Finished: the company controls this area
internally through internal workshops

specialized in sand, wax, metal fittings,
sealed, moth control and repair of
damage.

Packing & crating: several types of
gasket, which depend on the distributor
are used. Amonghem is the paper

carton, sealed air, corners, plastic film or
boxes.

Boarding: filled containers and trailer for
the transport box.
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The company is responsible for going to
the workshop to pick up furniture in white,
which are carried to the furnitureosé area blank
or product in process. It is here where the quality
of the furniture as well as your stock is verified.

The design activity is generated from the
company; the department of engineering of the
product, performs the prototypes that will be
delivered to the integrated micro and associated
workshops.

Design prototypes are carried out under
rules of standardization of given parts, which
will be manufactured by the company and
delivered to the associated workshops.
modular

Analysis of

capabilities

technolaical

This section presents the description and
analysis of technological capabilities in modular

that they generated the two companies studied.
The aim of this section is to present the level of
capabilities that enterprises have achieved
throughout his technology career.

The obtained information rests on
analysis of interviews with companies, as well as
the review of studies that have been done on
them. From the evidence presented, it was
possible to identify the set of capabilities.

We return to the definition of
technological capabilities that exposes
Richardson (1972), as "the skills, experience and
knowledge that the company possess”
capabilities that Kim (1997), requires "the ability
to make effective use of technological
knowledge, ® assimilate, use, adapt, and change
existing technologies, as well as the ability to
create new technologies and to develop new
products and processes in response to changes in
the economic environment"
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And connection to the modular ability,
offers us &fertile framework for exploring and
exploiting the design process, as a possibility for
promotion and development of innovation
process - product. Modularity has enabled
different industries handle the increase in
technological complexity. Result of a
techhological search of advancement through
modifications in the production process, in the
architecture of the product and in the
management of relations between companies.

Breaking an enormous flexibility,
different companies can take responsibility in
modules or separate subsystems and fully trust
that the product formed from the joint efforts
will work properly (Takeishi & Fujimoto, 2001;
Lara & Constantine, 2000; Taboada, 2005).

The following table is the matrix used for
the analysis of the productivegacities of the
cases.

Kind : . S
capacity Settings Production Use Conmercialization

The compan
defines the us
and
configuration
of the product.

No
replacement
and sharing o
components

Final product integrate
into a single unit not|
reconfigurable

Design rules|
are determineq

The user ha:
no option to
modify  the
function

which was
established tq
the product b
the production|
company

No need for|
interface
design, but|
assemblies o
specific joints
for each
component

Product components al
packed

NULL

The target|
language i
between
specific
components 0
the production|
process

It provides stacking fo
transport and packaging

Some
components
are assemble
by the user

Prior enabled
components

Integrated
Architecture

Reduction of dead spate
storage and transport

BASIC
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Classification
Standardization| of ~ raw [ Components Allows  use
and  minimum materials and to bg some  desig
segmentation | planned asse_rr)bled i Coordination | rules can add
(reducmg[ supply specific between module.  you| Begin
components) | (vandalize and position components | can exclude g interaction Increases _ transportatid
enabled parts) allows  for | module, you| with products - P
capacity
replacement of can replace 4 of the same
exchange of module or can brand
" modules invest in a
Higher rr:'grdot}lcetion module
variability P position
processes an{ Easy .
components A \ Regulated by regiong
and less| Services: replacement of standards
. segmenting, | components
variety of -
standardizing
products them, adaptin
! pting Begin use with|
Reduced limited
variability of | Regulated by customization | Reduce marketin
components, | national of product| operations ang
Contemplate as variety of| standards variants transportation costs
the design| products (product
Least degreq Search rules, you can family)
of substitution| product add a module
of component§ homogeneity | you can
exclude a|
module
In(ijications Coupling
They arrive af 2" b previous
the production _as_.s;amb |tes delimitation of
Intra-company | line, raw J\? aaI:()Suse ween space with
communication | materials and .o~ other product
intermediate | s';t in the of ~other
goods production Communicati Z(I)I?ve:mesﬁse
process on inside the some desigrl Respond to  nationg
company and
rules can add 4 standards
between
. module, you
companies g
Governed b can exclude g
local or module, you
regional can replace
standards module or carn
invest in a
Productive Components Eggt?éi
:;Egj;g?n to zzg%l)c;nen:me and user| It is packed by module
architecture and  modulel modules argl and components
level assembled
Iu;gz?dination Components Indicative
between and ?/ersatilit Some older use language
modules Pre  enabled modules Y components  will  bg component
greater' components assembled  ir assembled for ease module, and|
— : ing. I
coordination and modules different zla;:hﬁg:\c?n storage ar user modules
at a central positions
module
Modular
architecture
the parts ca Modules and|
s ( .
=) . change Pre enableg subsystems It is packed modules an
= Flexible Parts and - L modules  and
a N . . | Facilitates position to user are| subsystems
w designs in its| modules arrive| | inal K di . subsystems
= configuration | at the| "eplacement of Final package dimensior change  the assembled
and production components | are reduced function or use|
reconfiguration | |ine and modules of the product)
[a
[}
o
4
<
>
Q
Definition  of Greater It offers great
common coordination | Material and| flexibility for | The modules an
subsystems | The user hag between shared the user to subsystems user will b
intra the option to modules and components | configure the| assembled for ease
company. award  some ; independence| for different | product packaging, storage al
Incremental Packagin for  eacl " PN
innovation Reduces other producgto?modules of a central|l products according to| distribution
Variability of | functions to module your need
components | preset by the]
and increasq producer
the variety of
designs
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Independent

modules that Full Packaging coupling
Reconfigurable | allow u A between subsystem|
: . .| customization | . - -
designs reconfiguratio increasing  transportatio|
product N
n of capacity
subsystems
Interfaces
Development defined and| Couph_ng
- shared established .
of design ruleg ) . | Reduce marketin
i between interfaces with .
within and . operations ang
companies other productg .
between (established | of other | transportation costs
companies .
rules of | companies
design)
Modules and|
Definition of | subsystems
Resists . common with . Product assembly by th
technological | subsystems | versatility
. | user
obsolescence | between assembled ir|
companies different
positions
Providing The user car|
coordinated assign El
Constant among variety of | Reduce the volume (
innovation enterprises, functions packaging
network preset by the
production producer
Apply  more
design  rules
can add 4
module or
subsystem,
you can
exclude a
Less Modules and smufi)(z;/lsetem coarl
variability in zg:fgsgaigi“ replace al Maximum speed
components, to they module or| communication betwee
greater variet ’ subsystem ol companies for marketing
s production >
in products line can nvest a

module or
subsystem
position, can|
split and swap|
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with those
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High degree off Technology
substitution or| developed
exchange of adapted tq
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their-systems | interfaces
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between certai
distribution networks

ISSN-Print: 20071582 ISSN-On line: 20073682

ECORFAN Al rights reserved.

December 2015 Vol.6 No.1B2541279

Apply more
design ruley
can add 4
module or
subsystem,

you can
exclude aj
module or
subsystem ca
replace al
module or
subsystem o
can invest g
module or
subsystem

Regulated by internationg
standards

Extensive communicatio

Table 3Modular capabilities matrix

This matrix allows an internal and
external analysis of the productive organization,
as well as it allows in the same way, analyzing
an object in relation to its architecture and design
rules, as well as its interconnectivity with other
systems or subsystes.

It is divided into its ranks in four levels,
the first of them are established features of a
product thatacks of modularity (zero level).

The next level includes the minimum
characteristics that may have a product that will
denote how modular (biadevel).

The two remaining (medium and
advanced levels), establish modular products,
only the difference between one and the other is
by degree of interconnectivity in terms of design,
with other products of the company in the case
of the middle level and other cqanies in the
case of the Advanced (Gonzélez, 2014).

Below we present the analysis of the
cases in the light of this instrument.
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VB Company Modularity in the production

Modularity in the configuration
Basic Capabilities

- The design department develops parts of
furniture, from the commercial
dimensions of the wood, from the
acquired technology and new processes
of furniture finished. This is the result of
an analysis of the problems of machining
parts, and the resulting changes of
acquiring new machinery and adopt new
furniture finishes.

- Developed a multidisciplinary team of
generation of new products, which gave
it the ability to produce a new model in
just 4 weeks. | & D area in the furniture
design generated a process of
standardization that had an impact in the
Organizéion and in the process of
production of furniture, providing the
ability to produce more quickly. Also
developed the ability to produce new
models of versatile form through the
exchange of parts and incremental
changes in way to standardized parts.

The company had the ability to generate

Basic Capabilities

- Acquired an American in 1996 origin
numerically controlled machine, first
numerically controlled machine that
acquires the company and used for
machining parts enabled and another, of
German origin, acquired at the end of the
90's, which produced what prackd 10
machines in just one hour a day. The
acquisition of these CNC machines it
was decided after doing a study of the
production  process and  detect
bottlenecksThis determined the need for
the standardization of components.

- Because of a change in tipeocess of
finishing technology; pass a train of
varnish to a train of U.V (ultra violet), the
production process was substantially
modified and redesigned interfaces
between components and modules. The
design of the furniture underwent
changes, was redgsied the sequencd
Assembly and Assembly form.

The Organization of the production
process are rearranged, the finish area is put to
the area of Assembhlayout- and folowed by

new models from established models, because as final quality changes.

mentioned it has developed a process of
standardization, which allows you to combine
parts from different models which makes small
modifications of shape or size, thus getieg
new designs.
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More stringent measures regarding were
taken to gality, grinding, the quality and tone of
the pieces had to be uniform, so they jump not
differences when assembling furniture, the
interfaces between components should be more
accurate, since with this new finish,
misalignments not could be just hiddentiwi
varnish.

Gonzélesvega, NormaAlejandra. Modular technological capabilities in the
furniture industry ECORFAN JournaMexico 2015.6-15: 12541279



Article

1269
ECORFAN Journal-Mexico

OPTIMIZATION

December 2015 Vol.6 No.1B2541279

- The design department had at other times Modularity in the use

its own area for development of

prototypes, samples, scale 1:1 (area), this Null capabilities

area was developed: from 1991 to 1992,
a new line of designs; in 1993, it
redesigns a new system of Assembly that
providesgreater resistance and quality;
1994 to 1995 amending the Assembly
process and tested different types for
different parts, also in this period that is
the standardization of the furniture,
which leads to a restructuring of the
Organization of production, aking it
more efficient and; new materials are
implemented as the MDF, which
replaces the wood moldings and is
implemented in the manufacture of doors
at first, and then to different parts of the
furniture.

- From that the design department was a
process ostandardization of parts of the
furniture, the company implemented a
parts enabled area. This area allowed
them to have parts that can be used in
different designs or as a stock of
prefabricated parts that serve as rear
mind in almost all designs, it ibé case
of the legs of the chairs.

- Only parts authorized area is located in
Lerma plant, to the process of production
of the chairs. The process allowed the
company to have an area of authorized
parts for replacement and stock for the
production.

The ompany produces a number of
models of chairs with a variability of only twelve
components.
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- The company defines the use and
configuration of the product.

- The user has the option of modifying the
function which was established to the
product by the production company.

- The indicative language occurs between
specific components to the production
process.

Modularity in the transportation
Null capabilities

- Final product integrated into a single unit
not reconfigurable, without the
possibility of reducing its volume or
weight at the time of move inside and
outside the company.

Configuration Production Use Transportation

Levels

The company| A single unit not
defines the| reconfigurable,

use and| components and
configuration | the final product

of the | are no

Null

product The
user does not
have the
option of
modifying

the function
which  was
established to|
the product
by the
production

company.

versatilty, they
are transported
as complete
elements, which
cannot stacked
folded  down,
rearm, folded or
compacted.

Basic

Minimum
segmentation
(reduction  of
components)
and
standardization
Greater
variability  in
components and
less variety of
products * low
degee of
substitution  of

components

Pre enabled
components.
Planned
supply and
classification
of raw
materials
(given  the
Nuke and
parts
enabled).
Improvement
of production

processes ang

Gonzélesvega, NormaAlejandra. Modular technological capabilities in the
furniture industry ECORFAN JournaMexico 2015.6-15: 12541279



Article

1270
ECORFAN Journal-Mexico

OPTIMIZATION

Communication
inflow

services,
segmenting
them,
standardizing
them,
adapting
them.
Commodity
raw material
and
intermediate
use goods
arrive at the
production
line.

Mediun

Advanced

Table 4 Technological capabilities level modular reached
by VB

The VB Company, reaches in the
configuration modularitybasic capabilities, at
the time of the enabled pieces regarding the
commercial dimensions of the wood. At the
beginning of the standardization process of
components, a process of standardization which
enabled him to produce new models of versatile
form through the exchange of incremental
changes to standardized parts and components.

In the production modularity, achieves
basic capabilities by purchasing CNC machines
that also demanded the need of standardization
of components.

The acquisition of UV finiees unit
determined the redesigned the sequence of
Assembly and Assembly of furniture form; the
Organization of the production process are
rearranged, the finish area is put to the area of
Assembly- layout- and followed by final quality
changes; the intkaces between components
should be more precise, the production process
was substantially modified and redesigned
interfaces between components and modules. At
the time of the implement of a parts enabled area.
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This area allowed him to have parts that
can be used in different designs or as a stock of
prefabricated parts that serve as rear mind in
almost all designs of chairs. The company
produces a number of models of chairs with a
variability of only twelve components.

In the use modularity and transpo
modularity not present any kind of modularity
since the company defines the use and
configuration of the product, the user does not
have the option of modifying the function which
was established to the product by the production
company. The final prod is integrated into a
single unit not reconfigurable, without the
possibility of reducing its volume in the transfers
within the company or its marketing.

SGS Company
Configuration Modularity
Basic capabilities

- Enabled area represents a key role in the
process and organization of production.
It is here where begins the process of
production of furniture that continues in
the associated workshops.

Enabled area was possible given the
process of study of thedesigns and the
standardization of dimensions and o
components of the furniture.

From its establishment, production,
guality and design of the Cabinet could be
controlled by the company.

The area enables the maquiladora wood
workshops, absorbing 50%8 the production of
the final piece of furniture.
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Intermediate Capabilities

Designed an assembly that allowed to
establish constructive standards of the
product, reducing the process of
production of parts of subsystems as well
as the process and #embly time. The
standardization of furniture and design of
an Assembly that enables the company to
enable parts that are generalized in
design and dimensions, allowing the
versatility of new models and increase
the volume of production.

The Department of engineering of the
product in which the design center, is
told with an area of research and
development (ID) for the creation of
prototypes.

This allowed the company to supply the

market and consolidate its leadership in its
market segment, at the time of enabling the
evaluation of product and improvement of
components.

Advanced Capabilities

| & D area in the furniture design
generated given because the process of
standardization of parts, generating
subsystems through the use of
standardized components sides, doors,
drawers, funds among others.

This systematization gave the company

the ability to design versatile new products, be

able to use for example, doors as sides, covers or

drawer fronts. At a higher level, using sub

systens
components for

these standardized
in different models,

consist  of
user

variations in subsystems, they generated new
proposals of designs. Same systems on
various models.
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Modularity in the production

Basic capabilities

Before having a desigrdepartment,
associated workshops determining the
dimensions and the production process
of the piece of furniture that they
manufacture. From the generation of the
Department, models is shipping and have
standardized versatile pieces, thus
controlling the lomogenization of the
furniture.

In 1995 the engineering department of

the product, enables a molder of 7 heads
which the company had acquired, which

was on the floor of enabled.

Working directly in the redesign of parts,

proposing alternatives, and aesfgic usage, the
molder manages to increase the production

process.

This machine requires the

standardization of components.

The plant depends on the distribution of
the given parts for the production,
standardized parts: moldings, panels,
backs, postgjoors and drawer fronts, in
large volumes, which reduce production
times and the workload of the
manufacture workshofis reporting a
higher utilization of the wood of pine and
moth-eaten wood.

8 The manufacture workshops are those who work the
motheaten wood and pine wood furniture. Refers to them
as well to differentiate them from the workshops of
forging, casting, fabric, finishes and wood carviBgt all

fall into the category of partners.
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Intermediate Capabilities

- The modularity of the furniture comes
from face problems of production and
use of furniture. Standardization aimed
to develop a subsystem that would allow
having different products, equal
application and identical procedures and
materials, parts and compants like.

Facilitating the wuse of tools and
replacement of parts, providing the Organization
of simultaneous processes and production
continuity.

Advanced capabilities

- Furnish was divided into different
subsystems, their interfaces and their
dimensions were redesigned.

- First worked in the saving of materials,
on the basis of the commercial
dimensions of the materials and studying
the operations that apply to parts, moved
a modulation and arrangement of parts
that would be consistent witlthese
dimensions.

- Second worked on the approval of
production processes, which seeks that in
essence production processes must be of
the same nature, so that operators work
under the same guidance, regardless of

the model. Thus develops the
standardized anstruction of parts for
Assembly.

- Third is defining building standards,
through a normalization of dimensions of
the subsystems (drawers, doors, sides,
shelves, seats and backs, legs and bases,
etc.). Previously each workshop
producing furniture accordg to their
criterion of savings and use of material.
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- Finally, they worked on the possibility of
the versatility offered by these changes,
for the development and design of new
models, through the exchange of
standardized parts and subsystems.

Modularity in the use
Basic capabilities

- Some components are assembled by the
user, which in this company are the
workshops, we will call them first users.

- Components to be assembled in a
specific position, given the specifications
of the company.

- Facilitates te replacement  of
components, the workshops have the
ability to produce some of the
components under specifications of the
company, which to be standardized to
facilitate  their  production  and
replacement.

- Language indicative of the production
process, i.e. the company must set
language clear and direct in the furniture

processed semi production
specifications, to prevent productive
imbalances between it and the
workshops.

Modularity in Transportation
Basic capabilities
- Components of the product apacked
and transported to the workshops, which

are the first users in this process.

- It includes stack for their transport and
packaging for transport intkompany.
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Reduction . of dead storage and Commodity
transportation space raw - material Reduction  of
Low degree of _and . dead storage
L intermediate
substitution of use goods and )
- Regulated by the company quality components | arrive at thel eonapornation
production
stardards. line.
Levels Configuration Production Use Transportation
The indicative
language iq
Nul established
Pre  enableq 3?2;‘?;?1?
components. .
components ir|
the production|
process.
Some
components ar
assembled b
it:ethLilssecrésv;h;:: o Regulated b Regulated b
the workshops Communication | local or standards o
: inflow regional quality of the
standards. company.
Planned
supply  and
classification
Supply of the|
of  raw production
m_aterlals line at the
(given the level
Nuke  and component
parts and module.
enabled).
Assembled in|
position Pre  enableq
specific for
R components. components
‘@ and modules.
o
Improvemgnt The e Transition to
of production g dular
- processes an components o 5 mogt
Minimum ; the product arg 7} architecture.
. services, =
segmentation segmenting packed andg
(redudion of them transported  td
components) an tnd’ rdizin the workshops
standaization standal 9 which are the
them, first users in thig
adapting rocess Flexible
them. p ’ configuration and
reconfiguration
designs.
Facilitates  the
replacement o Parts and
components. modules
arrive at
production
line.
- View stack for
ﬁreatecg\sg?:g:{c Search ) their transport :rr:ﬁ;?,':ﬁ::]al
and less variety(; homogeneity and packaging ’
of the product, for  transport]
products h
inflow.
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Definition of
common
subsystems
intra
company. It
reduces  the
variability of
constituents
and increase
the variety of

designs.

Coordination

between

components

enables the

replacement o

exchange [

modules.
Makes it
possible  to|
use some
rules of

design can
add a module|
you can
exclude al
module, you
can replace ¢
module or it
can reverse {
module

position.

Lower variability
of components.

Regulated by
national and
international
standards.

Intra and inter|
business
communication

Modular
architecture,
(parts may chang
position to changg
the function, the
position of the|
product).
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Advanced
Greater

coordination
between moduleq
and independenc]
of a e@ntral
module.

Pre  enableq
modules and
subsystems

Designs
reconfigurable.

Less variability in
components,
greater variety o
products.

Materials and

components
shared, fo
different
products.

High degree of

substitution or|

exchange [

modules and sub|

systems.
Independent
modules
enabling the
reconfiguration
of
subsystems.

Table 5 Technological capabilities level modular reached
by SGS

The company SGS, accomplishedte
modularity in the configuration basic
capabilities: the area of enabled is where begins
the process of production of furniture which
continues in the associated workshops.

Before the standardization of furniture,
the company developed the ability perform
incremental design their products, can be
designed from an already accepted model, new
incremental models with variations in its
components which can be considered new
models.

Gonzélesvega, NormaAlejandra. Modular technological capabilities in the
furniture industry ECORFAN JournaMexico 2015.6-15: 12541279



Article

1275
ECORFAN Journal-Mexico

OPTIMIZATION

In intermediate capabilities, designed an
Assembly that allowed to establish constructive
standards of the product, reducing the process of
production of parts of subsystems as well as the
process and Assembly time. Capabilities
advanced, does them at tiv@e that | & D area
in the furniture design generated because already
the process of standardization of parts and
design an own ensemble, generate subsystems
through the use of standardized components
sides, doors, drawers, funds, among others.

Use formed by these components
standardized subsystems to be user in different
models, variations in subsystems, generated new
proposals of designs. Same systems on
various models.

About modularity in the production,
manages basic capabilities, from the gatien
of the department enabled, models shipping and
have standardized versatile pieces, thus
controlling the homogenization of the furniture.
To enable a molder of 7 heads, this machine
requires the standardization of components. The
plant depends on thdistribution of given parts
for the production, standardized parts: moldings,
panels, backs, posts, doors and drawer fronts, in
large volumes, which reduce production times
and the workload of the maquiladora workshops.
Intermediate, furniture modularizah
capabilities emerges from face problems of
production and use of furniture.

Modularization aimed to develop a
subsystem that would allow having different
products, equal application and identical
procedures and materials, parts and components
like.

Advanced capabilities are achieved to the
moment in which we worked on the possibility
of the versatility offered by these changes, for
the development and design of new models. The
furniture was divided into different subsystems,
their interfaces and theidimensions were
redesigned.
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Develops the standardized construction
of parts for Assembly. It is defining building
standards, through a normalization of
dimensions of the subsystems (drawers, doors,
sides, shelves, seats and backs, legs and bases,
etc.). He worked on the possibility of the
versatility offered by these changes, for the
development and design of new models, through
the exchange of standardized parts and
subsystems.

In the modularity in use reaches basic
capabilities, some components arsemsbled by
the user, which in this company are the
workshops. The components will be assembled
in a specific position, given the specifications of
the company. Facilitating substitution of
components by workshops, which have the
capacity to produce some tfie components,
which to be standardized to facilitate their
production and replacement.

The modularity in the transportation,
reaches basic capabilities, since the components
of the product are packed and transported to the
workshops, which are the dir users in this
process. It includes stack for their transport and
packaging for transport inflow. Seeks the
reduction of spaces dead in storage and
transport.

Conclution

The VB company your higher level modular
capacity presented in the modularity ihet
production, where the process of standardization
leads to generate a versatility in the design and
production of furniture.

The standardization of parts of furniture
allows the creation of a stock of standard parts
that are used for the replacementdaimaged
parts and the production process is not delayed.
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It reduces the production of the furniture
before standardization but also has allowed to
establish a production plant that is dedicated
only to the production of chairs, which given a
modular achitecture and a clear definition of the
interfaces you has allows to design a variety of
chairs with only a little variability of
components. The company has strived to offer
new products to the market, initially design
pushing the Department of salestremtly sales
pushes the design Departmentow is the
market to decide.

For which the company has developed
throughout his career, a capacity of design,
which allows you to develop a piece of furniture
together with the development of new products
andcustomers team in a period of 4 weeks and
have it in production by a total of 6 weeks.
Modularity in use and transport have not been
served or sued by the company, although it is on
a quest for export in addition to its domestic
demand, has not establishesty strategy to
attack the economic low density of your
furniture.

The company SGS, reaches its highest
level of modular capabilities through a
standardization of components that has carried
out a process of modularity in the production and
in the configuration modularity, what you been
allowing the exchange of parts fothe
production of new models, providing versatility
and variety of the same.

He worked on the possibility of the
versatility that they offered the changes of
working components, modules for the
development and design of new models, through
the exchange fosubsystems and standardized
parts between them, increasing its capacity and
production volume.
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It also allowed him to create a storage
area of pre modules enabled a large number of
models, enabling the company, which operates
under a model of enterprise integration, make
50% of the production and workshops the other
50%. Workshops may specialize irthe
manufacturing of in a type of furniture or can
adapt to the demand for new models, given that
large amount of prenabled module#\ flexible

workshops  and integrative  enterprise
production.
Level of modular capabilities accomplished by company VB
0
¢
3 Configuration Production Use Transportation
The company| A single unit not
= defines the usel reconfigurable.
z and
configuration
of the product.
Standardization
o and minimal | Pre  enabled
@ segmentation components.
9 | (reduction of
components)
Lower variability | Supply the
£ of components,| production
% equal variety of| line at the
% products. level
component
and module.
el
(7]
Q
c
IS
>
e}
<
Modular capabilities level attained by the company SGS
% Configuration Production Use Transportation
E
b4
Some The components
o Estandarization Pre enabled components | of the product
4 components. are are packed and
a assembled transported to the|
by the user, | workshops.
workshops.
c Supply of the
= Transition to production line
© | modular at the level
= architecture. component and
module.
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It increases the flexibility ofdesigns,
High degree of| Independent production,  reduces the  activity
exchange  of| enabling the manufacturing and the replacement cost, and

modules and sub
systems.

reconfiguration
of subsystems.

Advanced

Table 6 Overview of modular capabilities achieved by
both companies

The productive contexts of both
company have led them to the modularity as a
response to the productive pressures of their
environment.

Both companies have taken the standardization
as a mean# decrease the variability between
the components of the product. Likewise of
quality costs to replace components and modules
quickly and efficiently.

The redesign of interfaces for these
companies allowed that these are common
among modules or comporten enabling the
construction of the product with the minimum of
parts.

Both companies chose to
standardization, modularization and only one
reached the level of subsystems as a strategy to
reduce the complexity of managing a wide
variety of designs ancdmponents.

Both companies found the need of the
redesign of interfaces to component level or
module, to first coordinate the variability of
marriages, second for the reduction of external
components that increase the number of
components. Reducing thests of coordination
in Tin variability systems.

Companies found in the modularity an
innovative passive resistance, they manage
through the redesign, generate incremental
innovations in short term costs and low efforts.
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improves coordination inflow, in both cases,
either with another production plant or in the
scheme of enterprise integration, with integrated
workshops.

However the smpanies have not seen in
Modularization response to a series of problems
of cost, market or productive. The modularity in
the present transportation is basic, however that
the furniture industry produces goods of low
economic density, not so, these compan
cannot find products stackable, folding,
buildable or reconfigurable by the end user. This
modularity would be a key factor in the national
and international marketing.

For both companies, having an area of |
& D, appeared to be effective but expeesiv
although it was the origin of many production
problems, both companies did not maintain these
departments for research, design and
development. It was a fairly expensive activity,
since it implies a comprehensive creation,
experimentation and testing dhe different
modules.

The development of modular
architecture is more complicated than the of
whole-grain products, in traditional or mature
industries, as in the case of furniture. Since the
pressure of the context has not sued make an
effort not be gmpsed as a priority. Get
modularity requires a thorough understanding of
the functionality of the product and the
distribution and interaction of its components
and their interfaces. Coupled with their form of
production has not filed a high degree of
subkcontracting or production network.

Gonzélesvega, NormaAlejandra. Modular technological capabilities in the
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However, in this same industry we see
companies that have managed to obtain a higher
penetration of market under the scheme of
products "build it yourself" RTA, products that
are packaged to be unarmed, in order ke t#p
less space in the transportation. And once they
reach the user or distributor, are reconfigured by
manuals that relate the interfaces between
components or modules, it is the case of the Ikea
company, which sells its products globally. We
also see iareasingly more products that can be
configured by the end user, of a series of options
preset by the manufacturer, it is the case for
companies that sell via virtual. And a series of
products, collapsible, folding or reconfigurable
by user, who see the malarity the added value
of use and transport or storage.

The modularity in the production is the
kind of modularity that most have implemented
various manufacturing companies over the
years, which has enabled them to divide the
manufacturing processes dn standardize
components.

In case studies of VB and SGS, its
modular behavior has allowed: i) standardization
of parts of furniture allows the creation of a stock
of components, ii) reduction of the time of
production, iii) specializing in the production,
iv) the exchange of parts for the production of
different products and models, v) development
of modules pre enabled a large number of model
(vi) decrease of product components, vii) speed
and innovativeness of designs, viii) reduced
complexity of its praesses and ix) greater
coordination and production domain.
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This matrix has allowed us to make a
diagnosis on the level of complexity in the
productive organization, and establishes specific
measures, if among other things aims to reduce
processeg;ontrol the order and the variability of
the process, increase the variety of products and
reduce the variability between components,
reduce the cost of quality control, increase the
flexibility of Assembly and manufacturing
processes more flexible increasncremental
innovation and radical innovation, encourage
modular or architectural level.

If the modularity is the answer who have
built companies such as in the automotive and
electronic sector to confront the technological
and organizational complexitit is possible that
then these knowledges of modularity are adopted
by industries of various productive areas to cope
with the accelerated changes of product and
technology process of reconfiguration of the
global production of components and
subsystems,the demand for industry and
innovation of the wuser, of the need for
interconnection between products of different
industries among others.
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Abstract

In recent years, in Zacatecas has promoted the production of several species of fish, including tilapia,

carp, bass, etc, through dams or farms. But recent studies have found that fish conammpabper

capita in the state is just 800 grams. This research is based on identifying and describing the habits of
fish consumption in the city of Zacatecas as a base to detonate the merchandising of these products in
the state.
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Introduction

This research is based on identifying the habits
of fish consumption in the city of Zacatecas and
conurbation, in order to lay the groundwdok,

in subsequent studies, develop a strategy to help
aguaculture producers in the region, to market
and position their products in the state, as it is
one of the activities, alternative to agriculture
and livestock which has been promoted in recent
years People are unaware of these products,
even though the state is landlocked. However it
has several dams which are cultivating various
aguaculture species, including tilapia, carp, and
largemouth bass, among others.

This research consists of four sections
The first section describes the problem and
justification of the research. In the second
section it is exposed the contextual framework
that gives rise to this investigation. In the third
section it is established the methodology used to
support researchnd ensuring the accuracy of
the results. And the fourth and final section
presents the results and conclusions presented.

Background of the problem

Under the National Development Plan, within
the shaft 4 Mexico Prosper. 4.10 objective
mentions the importance of building a
productive agriculture and fisheries to ensure
food security. Under this heading, in recent
years, it has been encouraged aquaiituthe

state of Zacatecas, mainly Tilapia production.

However, some of the farms for which
resource and funding was granted for their
installation, are currently without production and
those that are producing, they have declared
present stagnation dnlittle or no increase in
marketing their products.
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Delimitation of the problem

With the results of this research it will obtained
the fish consumer characteristics and habits in
the consumption of it, being the basis for further
research to culminia in a marketing program for
this product, both at the state, national and
international. This being the research question:
What are the habits of fish consumption in the
city and its suburbs Zacatecas?

Justification

One of the main aspects to estdbbBsmarketing
program is primarily to know the consumer. In
the case of aquaculture products produced in
Zacatecas, there was so far a study to determine
the characteristics and habits of customers for
these products. That is why this research is
crucial b know the consumer, then perform an
integration program for aquaculture producers
based on the needs of customers, including from
cultivation to marketing their products.

Contextual framework of consumption and
production of fish in Mexico

Although fish consumption has increased in
recent years, reaching a per capita consumption
of 10 kgs per year, this is below the world
average, which is 18 kgs (CONAPESCA); and
well below countries such as Japan and some
European countries where consumptio
becomes more than 30 kg, per yeaimilarly
seafood, are the foods least consumed in
Mexico.

VargasHernandez, José CamposAlvarez, Rosa Elvira And Figuerdharra,
Gabriela NoemiConsumption habits of fish in Zacatecas dEZORFAN Journal
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Aquaculture production in Mexico is
divided between coastal states (Pacific, Gulf and
Caribbean), as well as landlocked states, where
the states othe Pacific coast have the highest
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. Table 2 Volume of fish production in live weight and
Kind 2007 | 2008 | 2009 | 2010 | 2011 | 2012 percentage share by coast and federal entity. Annual series
Total 267772| 283625| 285019| 270717| 262855| 254026 from 2007 to 2012.

Catfish | 2801 | 3041 | 3145 | 3384 | 2929 | 3018
Shrimp | 111787| 130201| 133282| 104612| 109815| 100321 Contextual framework of fish consumption in

Zacatecas
Carp fish | 21798 | 24157 | 22620 | 24231 | 18528 | 19956

Charal | 1483 | 2338 | 1876 | 1806 | 1226 | 1275 Zacatecas is among the states with landlocked

Crawfish | 46 | 24 | 21 | 26 | 18 | 46 aquaculture productionThis production has
Lobina | 1234 | 1221 | 1379 | 1354 | 1044 | 641 increased in recent years

Crappie | 73580 | 71018 | 73373 | 73899 | 71135 | 72779

Ostion 46491 | 42148 | 38974 | 47611 | 43757 | 43567

Trout 4345 | 4917 | 6065 | 6919 | 8480 | 7026

Other 4206 | 4561 | 4284 | 3789 | 5922 | 5397

Table 1Volume of aquaculture production in live weight
by main species. Annual series 26012
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Figure 2 Percentage structure by type of coastline, 2007

and 2012 Table 3 Production of crappie

Among the species most occur in Zacatecas are

crappie anearp: However, although in Zacatecas

aguaculture products are produced, it is one of
the states with lower processing industry:
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Table 4 Enterprise characteristics of preparation and
packaging of seafood

60

Research methods

Forcentaje

For this research an analytical descriptive cross
sectional study in which 324 research
instruments were applied and by which the level 27
of consumption of aquaculture products was
determined with particular emphasis on
consumption zacatecana tilapia, among a .
random sample of people that were carried out in
Zacatecas. The data included demographic Figure 3 Consumption of fish zacatecana population
aspects such as place of residence and colony,

which helped them classify participants

elements.

Yes

The data obtained were treated through
SPSS Statics for Mac.
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Another aspect considered in the As it can be seen, even when people

investigation was because they considered or not
considered fish within the daily diet to which the
71% who think the fish mentioned it was mainly
for being nutritious, healthy and tasty and 29%
that considers the producithin their daily diet
mentioned that the main causes are that they do
not like the taste or that causes allergy.

This can be seen in a better way in F

Porcentaje
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Figure 4 Consideration of fish as part of the daily diet

Because sometimes the perception that
people have about the word 'everyday' may vary,
the specific frequency of product consumption
among the population was also investigaldt
results are presented in Figure 5.

Porcentaje

Figure 5 Frequency of fish consumption
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mentioned who ate fish on a daily basis, when
asked how often, 41% of the population said that
consumed 1 to 2 times a month which can not
necessarily be considered every day.

Another important aspect to consider in
the investigation was the time of year when most
frequently consumed product. The results
showed that the time when more was consumed
during Lent (69%).

In relation to the above, they were asked
in what place used to take the fish, to what most
people ansered that at home (58%) (Figure 6)

60+

40

Porcentaje

At home In restaurants At the market With a street
vendor

Figure 6 Place offish consumption

Because one of the goals of the research
was to know how much influences the difficulty
in preparing fish for consumption thereof, an
item to measure this aspect in particular was
included where the results showed that 92% of
respondents mentioned yes it influenced by the
fact that people are not familiar with the various
forms of preparation of fish consumption.

Subsequently, it was asked the
population the way that prepares the duct
regularly where 48% responded that breading
and 20% fried such responses constituted the
majority (Figure 7).

VargasHernandez, José CamposAlvarez, Rosa Elvira And Figuerdharra,
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Porcentaje

20

Fried Breaded Ceviche Papering Other

Soup

Figure 7 Preparation of fish.

Another specific objective of the
research was to know if the product price
directly influences the consumption of the
population which asked respondents how much
influence this factor. To give a point of
comparison, it was estimated that the item had to
be related to the cost of other meat. 33% of the
population said the fish was more expensive than
other meats, 24% less expensive, 26%
considered to have the same cost and 16%
mentioned not know about iThis is shown in
Figure 8.

404

Porcentaje

I dont know

Figure 8 Cost of fishcompared to other meats

In the same vein and comparing fish meat
with other meats respondents were asked if they
knew that the product brought the same quality
of protein than beef to which 64% said no.
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Similarly, they were asked if they knew
that the fish meat had a higher amount of
unsaturated fats compared to most consumed
meat (beef, pork and chicken), to which 60%
answered yes.

This shows that the zacatecanos know
that fish is best in fat but had no knowledge of
its content for protein.

To learn more about if people knew
about the benefits of fish meat, it was asked
openly what they saw as the specific
contributions of fish health. In this aspect, the
most frequently mentioned response was that
fish is nutritious, followed by healthy and low in
cholesterol (Figure 9).

Porcentaje

Ywoub 10) poond]
Aowaw 104 poon]

Figure 9 Health benefits of fish

Regarding marketing aspects,
respondents were asked where they bought the
fish, how much they would pay for one kilogram
of fish and fish is what they buy more frequently.

The results of these gstons were for
the first fishmongers and supermarkets with 35
and 34% respectively.
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To the second question the answer with
the most frequency was 100 to 120 pesos per
kilogram (29%) and finally as the most
consumed fish fillet and the result was ppe
with 50 and 36% respectively.

Finally, respondents were asked about
their knowledge of tilapia and cultivation of the
same in a farm. For the above, they were
considered some items related to knowledge of
tilapia, consumption, where consumed,
knowledye about the production of this product
in Zacatecas farms and the benefits of tilapia
produced in farms.

For the first 3 questions, 64% of
respondents said yes they were aware about the
existence of tilapia. However, they do not relate
to the crappie bueel it is a completely different
fish. 70% of respondents mentioned that
although they have known, they have not
consumed it, which contrasts with the type of
product they buy where they mentioned that
36% buy crappie. Finally at 30% of people who
repored eating tilapia they asked where have
tried it. This percentage (72 of 324 people) 54%
said they consumed at home and 22% in
restaurants (Figures 10, 11 and 12).

60+

Porcentaje
=
3
i

209

Yes

Figure 10 Knowledge of tilapia
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Figure 11 Consumption of tilapia

Figure 12Place of consumption

As for the results of the tilapia produced
on farm, of all respondents only 59 of 324 people
said they knew the existence of tilapia farms in
the state.

94% of interviewed people said not
knowing the benefits that can be tilapia it
produced on farms regarding tilapia in general
and finally to the 18 people who said they knew
the benefits of farmed tilapia were asked what
were the benefits where most mentioned
freshness (27%).
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