/" BULLETIN

OF
ECONOMIC

THEORY AND BULLETIN
ECONOMIC THEORY AND ANALYSIS

Totzin

Journal homepage: https://dergipark.org.tr/tr/pub/beta

The Developmental Routes Followed by Smartphone
Technology Over Time (2008-2018 Period)

Bilal KARGI @ https://orcid.org/0000-0002-7741-8961

Mario COCCIA @ https://orcid.org/0000-0003-1957-6731

To cite this article: Kargi, B., M. & Coccia, M. (2024). The Developmental Routes Followed by
Smartphone Technology Over Time (2008-2018 Period). Bulletin of Economic Theory and
Analysis, 9(2), 369-395.

Received: 04 Dec 2023

Accepted: 05 Mar 2024

Published online: 30 jun 2024

©AIl right reserved



W OF
%'Q\ EOO

N 4.
. BETA -
A

Ny any >

Bulletin of Economic Theory and Analysis

Volume 9, Issue 2, pp. 369-395, 2024
https://dergipark.org.tr/tr/pub/beta

Original Article / Arastirma Makalesi
Received / Alinma: 04.12.2023  Accepted / Kabul: 05.03.2024

The Developmental Routes Followed by Smartphone Technology Over Time
(2008-2018 Period)

Bilal KARGI 2
Mario COCCIA ®

2 Assoc. Prof. Dr. - Ankara Yildirim Beyazit University, Sereflikochisar Faculty of Applied Aciences, Department
of Banking and Finance, Sereflikochisar, Ankara, TURKEY'.

https://orcid.org/0000-0002-7741-8961
°(PhD.) CNR - National Research Council of Italy, Turin Research Area of the National Research Council, Strada
delle Cacce, 73, Turin 10135, ITALY.

https://orcid.org/0000-0003-1957-6731

ABSTRACT gnahtgr Kelimeler
volution of

This paper's aim is to identify and examine the key technical attributes that propel Technology,
product innovation, facilitating the prediction of swiftly evolving technological Management of
trajectories. The present study introduces the hedonic pricing method and various other Technology,
approaches, which have been employed in the context of smartphone technology, Economics of
comprising a sample of 738 models spanning from 2008 to 2018. The findings indicate Technical Change,
that the progression of smartphone technology is primarily steered by technical features Smartphone
related to the perceptual experience of users, including the resolution in total pixels, Technology,
the first and second camera in megapixels (Mpx), and storage capacity (RAM and Economic change
memory in gigabytes, Gb). Implications for innovation product management are also
deliberated upon. JEL Kodu
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AKkilli Telefon Teknolojisinin Zaman Icinde izledigi Gelisim Rotalar: (2008-
2018 Donemi)

(074

Bu makalenin amaci, iiriin yeniligini tesvik eden ve hizla gelisen teknolojik Keywords
yoriingelerin tahminini kolaylastiran temel teknik ozellikleri belirlemek ve Teknolojinin
incelemektir. Bu ¢alisma, 2008'den 2018'e kadar uzanan 738 modellik bir 6rneklemi Evrimi, Teknoloji
kapsayan, akilli telefon teknolojisi baglaminda kullanilan hedonik fiyatlandirma YOnetimi, Teknik
yontemini ve diger cesitli yaklasimlar1 tanitmaktadir. Bulgular, akilli telefon Degisim Ekonomisi,
teknolojisindeki ilerlemenin oncelikle teknik faktorler tarafindan yénlendirildigini Akl Telefonlar,
gostermektedir. Toplam piksel cinsinden ¢oziiniirlik, megapiksel (Mpx) cinsinden Ekonomik Degisim.
birinci ve ikinci kamera ve depolama kapasitesi (gigabayt cinsinden RAM ve bellek,

Gb) dahil olmak iizere kullanicilarin algisal deneyimiyle ilgili 6zellikler. inovasyon JEL Classification

iiriin yonetimine yonelik ¢ikarimlar da tartisilmaktadir. 030, 032, 034,
038.

1. Introduction

In the field of research on technical change and technology management, the examination
of technological advancements holds a central and long-standing position as a research theme
focused on understanding how technology and technological progress evolve in society (Coccia,
2005, 2005a, 2018; Saviotti, 1985). More specifically, the exploration of the nature and
development of innovation represents a vital area of research for predicting the developmental
paths and features of emerging technologies (cf., Arthur, 2009; Arthur & Polak, 2006; Hall & Jaffe,
2018; Linstone, 2004; Coccia, 2017, 2017a). Scholars in these fields strive to gauge technological
progress, the level of technological advancement, and shifts in technology to foresee emerging
directions (Coccia, 2005; Coccia & Wang, 2015, 2016; Daim et al., 2018; Faust, 1990; Farrell,
1993; Magee, 2012; Sahal, 1981; Tran & Daim, 2008; Wang et al., 2016). However, the methods
for identifying essential technical characteristics that underlie the evolution of specific technologies
remain somewhat elusive. This study seeks to present a method for analyzing the most crucial
technical attributes that facilitate the enhanced development of new technology (cf., Lee & Lim,

2014; Coccia, 2017b).

For this purpose, we have selected smartphone technology as a case study. Smartphone
technology is one of the most pivotal Information and Communication Technologies (ICTs)

employed globally. It serves as a testbed for the approaches presented here and helps illuminate
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the general attributes of the evolutionary paths of new technology. Specifically, in this study,
smartphone technology is simplified into a linear hedonic pricing function, which aids in
identifying the technical characteristics that have the most significant impact on technological
evolution. This approach can be extended to analyze and clarify the evolutionary trajectories of
various technologies across different domains. Furthermore, the findings can offer guidance for
best practices in technology management, directing Research and Development (R&D) funding
towards critical technologies and technical characteristics of emerging products with the potential
for rapid evolution in society. Before we delve into the proposed methodology, the following

section introduces the theoretical framework.
2. Theoretical Framework

Within the field of technology research, the idea of technometrics acts as a theoretical
structure for quantifying technological progress and shifts in technology with policy implications
(Sahal, 1985, 1981). The assessment of technological advancement has been addressed through
different techniques in engineering, scientometrics, technometrics, economics, and related fields

(Coccia, 2005, 2005a, p.948fY).

As Daim et al. (2018) show in the context of robotics technologies, modern methods of
technological evaluation use the technology development envelope to pinpoint several avenues for
technological evolution and create strategic roadmaps. For information and energy technology,
Koh & Magee (2006, 2008) support a functional approach to assessing technological advancement
that focuses on three functional operations: storage, conveyance, and transformation. Their
findings generally point to constant advancement within each functional category, regardless of the
particular underlying technological artifacts that are dominant at any one moment. But there are
differences between information technology and energy. According to Magee et al. (2016),
experience curves might be more applicable when examining a single design in a single instance,
but Moore's law offers a more realistic depiction of long-term technological development when

performance data include multiple designs.

Particularly, Magee et al. (2016, "Moore’s exponential law appears to be more fundamental
than Wright’s power law for these 28 domains (where performance data are record breakers from
numerous designs and different factories)." Farmer & Lafond (2016, p. 647) construct Moore's law

as a correlated geometric random walk with drift in relation to the predictability of technological
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advancement, and then apply it to historical data on 53 technologies. With a thorough grasp of the
prediction quality, their method makes forecasts possible for any given technology. Generally
speaking, a number of models—including functional forms by Moore, Wright, Goddard, Sinclair-
Klepper-Cohen, Nordhaus, and others—have been put out to forecast technological advancement
(Nagy et al., 2013). Wright's model, for instance, characterizes cost decreases of technology as a
power law of cumulative production, while generalized Moore's law posits that technologies
improve exponentially over time. Nagy et al. (2013) utilize a database covering the cost and
production of 62 different technologies to rank the performance of these postulated laws. They
argue that "Wright’s law produces the best forecasts, but Moore’s law is not far behind. ... a
previously unobserved regularity that production tends to increase exponentially... results show
that technological progress is forecastable, with the square root of the logarithmic error growing

linearly with the forecasting horizon at a typical rate of 2.5% per year.

The results of this study have implications for ideas concerning technology evolution as
well as for assessing prospective technologies and climate change mitigation strategies. One of the
most important Information and Communication Technologies (ICTs) used worldwide in modern
society is smartphone technology, which is the subject of certain research in the economics of
technical change (cf., Watanabe et al., 2012; Woods, 2018). Notably, growth rates for smartphones
and mobile phones have surpassed those for fixed phones, as indicated by the number of subscribers
(Watanabe et al., 2012). Lee & Lim (2014, pp.808-809) describe the key characteristics of mobile
phones, including mass, physical dimensions (length, width, and thickness), dominant vibration

frequency, peak acceleration, and peak inertia force, among others.

The evolution of smartphone technology is closely linked to incremental functionality
development, which involves "the ability to significantly enhance the performance of production
processes, goods, and services through innovation" (Watanabe et al., 2009, p.738). Functionality
development stimulates customer demand, resulting in a rapid increase in the number of
subscribers, leading to a significant decline in handset prices due to learning and economies of
scale (Watanabe et al., 2009, p.738). The balance between price increases due to functionality
development and price decreases attributable to learning effects and economies of scale has driven

the growth of mobile phones (cf., Lacohée et al., 2003).
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Researchers have also looked at other technologies, including digital cameras, in the fields
of innovation economics and industrial organization by examining the relationship between sales
and camera attributes (Carranza, 2010). While the average optical zoom of cameras sold somewhat
reduced throughout the same period, Carranza (2010, p. 605) adds that growing resolution is a
necessary part of the functionality development of camera quality. This trade-off results from
improved resolution making digital zoom a more affordable option than optical zoom, especially
in lower-end cameras. According to Watanabe et al. (2012), learning effects in ICTs can promote
self-propagating technological advancement, making it possible to adopt new features from the
digital sector. Building upon these studies, a fundamental question in the economics of innovation
pertains to identifying the technological characteristics that have the most significant impact on the
evolutionary paths of new technology, facilitating the prediction of successful technological
trajectories (Coccia, 2005, 2005a, 2017a, 2017b). The literature on suitable methods for addressing
this technological challenge remains somewhat limited. This study addresses this question by
establishing a theoretical framework based on technology as a complex system, complemented by
the application of the hedonic pricing method. These approaches are utilized to analyze smartphone
technology with the goal of pinpointing the most critical technical characteristics that drive

evolutionary pathways over time.

To begin, it is crucial to clarify the concept of a complex system, which forms the basis of
the theoretical framework presented here. Simon (1962, p.468) defines a complex system as "one
made up of a large number of parts that interact in a nonsimple way... complexity frequently takes
the form of hierarchy, and... a hierarchic system... is composed of interrelated subsystems, each of
which is hierarchic in structure until we reach some lowest level of elementary subsystem."
McNerney et al. (2011, p.9008) expand on this concept, asserting that "The technology can be
decomposed into n components, each of which interacts with a cluster of d — 1 other components"
(cf., Gherardi & Rotondo, 2016). In this context, technology is defined as a complex system
comprising multiple components and relationships between each component and at least one other
element within the system. Sahal (1981) also emphasizes that systems innovations result from the

integration of two or more symbiotic technologies.

Additionally, various methods have been employed to analyze technological advancements
(Coccia, 2005, 2005a, p.948ff; Sahal, 1985). One method employed in technology analysis is the

hedonic approach. The hedonic method takes into account both economic and technical factors
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(Saviotti, 1985). While in economics, this approach is driven by economic goals, such as
identifying sources of firms' competitive advantage, in engineering, it is particularly valuable for
pinpointing specific technical changes designed to enhance the performance of new products
(Triplett, 1985, 2006). The fundamental premise of this approach is that there is a positive
correlation between the market price of a product and its quality. Specifically, a product can be
described by a set of characteristics, each associated with a specific value. The product's quality,

represented as Q)j, is considered a function of these defining characteristics:
Q= f(a,s 850y @, X ooy Xy s X))

Where Qj represents the quality of the product, and X1, X2, ..., Xn denote the various

defining characteristics.
a; = relative importance of the i-th characteristics (i=1, ..., n)
X =the qualitative level of the same characteristics in product j

The technological progress or evolution of product J is quantified as the change in its

quality over a specific time period:

AQ,
At

TC, =TP, =

Specifically, price fluctuations can be broken down into two main factors: the "pure price
effect" and the "quality/technological change" effect (Coccia, 2005a, pp.948-949; Saviotti, 1985,
p-309ff). It is emphasized by Saviotti (1985, p. 315, original emphasis) that the hedonic price
method has mainly been used with products. In order to apply this strategy to process technology,
it is necessary to obtain cost/price data for each individual element as well as to characterize the
process as a whole and its separate elements as sets of attributes. In addition, a sufficient quantity
of "process models" ought to be accessible in order to produce results that are statistically

significant.

The hedonic pricing method involves specific steps for assessing technological evolution.
Firstly, to analyze the technological evolution of a product, it's essential to identify the product
characteristics (Xij) and their relative importance (ai). These product characteristics can typically

be found in technical literature, describing the internal aspects of technology. Engineers manipulate
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these technical characteristics to improve innovative devices over time. For instance, Saviotti
(1985, p.310) mentions characteristics like the bore, stroke, and number of revolutions per minute
(RPM) of a motor car engine, which engineers manipulate to achieve the desired engine power and
fuel consumption. Carranza (2010) demonstrated, using a hedonic price model, that camera prices
decreased over time while controlling for quality improvements, measured by technical
characteristics like resolution and digital zoom. This approach is crucial in markets because
technology adopters are interested in the technical features a product provides to meet their needs.
Secondly, the hedonic pricing method entails the selection of a set of variables that represent the
technical characteristics of a product. Thirdly, to analyze the evolution of technology after
identifying the technical characteristics of a given product, a functional form is used based on the
relationship between quality and product characteristics. This functional form should show that
positive increases in the levels of technical characteristics lead to an enhancement in quality. The
simplest representation of this relationship is a linear combination. However, the connection
between the price and technical characteristics of a product may not be linear and can take the form
of functions such as semilog or log-log functions (Triplett, 1985). The choice of the functional
form for the hedonic pricing relationship largely depends on empirical considerations (Saviotti,
1985). In a log-log model of hedonic pricing, product prices are regressed with respect to technical

characteristics, as represented in the following equation:
logP; = ag + a;logXye + - + ajlog X + - + aylog Xy,
where

P= price of a product over time. It represents the value that firm has given to a specific

product

X= explanatory variables are given by technical characteristics of product over time, such

as weight, efficiency, velocity, etc.
ap= constant
ai= coefficient of regression (i=1, ..., n)

This approach provides an effective means to elucidate the dynamic development of
technology functionality, enabling the detection of technological pathways aimed at satisfying the

needs of adopters and maintaining the competitive edge of firms in rapidly changing markets. The
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following section outlines the methods and materials employed in this study to analyze the

evolution of smartphone technology.
3. Material and Methods

Specifically, price fluctuations can be broken down into two main factors: the "pure price
effect" and the "quality/technological change" effect (Coccia, 2005a, pp.948-949; Saviotti, 1985,
p-3091Y). It is emphasized by Saviotti (1985, p. 315, original emphasis) that the hedonic price
method has mainly been used with products. In order to apply this strategy to process technology,
it is necessary to obtain cost/price data for each individual element as well as to characterize the
process as a whole and its separate elements as sets of attributes. In addition, a sufficient quantity
of "process models" ought to be accessible in order to produce results that are statistically
significant. The process of technological development results in the emergence of a complex
system (Sahal, 1981, p.33). Sahal (1981) contends that "evolution... relates to the very structure
and function of the object (p.64)... involves a process of equilibrium governed by the internal
dynamics of the object system (p.69)." Furthermore, short-term technological evolution results
from changes within the system, while long-term evolution occurs through the formation of an
integrated system, leading to increasingly comprehensive systems (Sahal, 1981, pp.73-74). In
general, "the evolution of a technology often proceeds along more than one pathway so as to meet
the requirements of its task environment" (Sahal, 1981, p.116). In conclusion, technical evolution
is a complicated process that is influenced by a range of socioeconomic and technical variables,
leading to a slow shift in technology from simplicity to complexity. Here, a hedonic pricing model
is used to illustrate the suggested method of technological analysis and pinpoint the essential
technical features determining the future directions of smartphone technology. Other simple
methods are used in addition, the hedonic pricing method to evaluate the consistency of the findings

on the technical paths of the new technology under study.
3.1. Data and Sources

According to Watanabe et al. (2012), smartphones are among the most important
Information and Communication Technologies (ICTs) used worldwide. An oligopolistic structure
results from brand concentration in the smartphone market, where a small number of companies
control a disproportionately large market share (Lee & Lim, 2014). The trade publications tailored

to the Italian market are the source of the data used in this analysis (Punto-Cellulare, 2018). More
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specifically, the study examines a sample of N = 738 smartphone models that were offered for sale
in Italy from 2008 to 2018. The years 2012 through 2018 are the main focus of the data collecting.
Table 1 provides a detailed breakdown of the sample composition by smartphone brands examined

in this study.

Tablo 1
Sample of This Study
Brand of smartphone N. models (2008-2018)
APPLE 16
ASUS 46
HTC 81
Huawei 121
LG 64
MOTOROLA 61
NOOKIA 112
SAMSUNG 105
SONY 80
ZTE 52
Total cases (sample) 738

3.2. Measures

In this approach, we consider the monetary value of smartphones, which is quantified using

the practical unit of price in the market:

Price (P): This represents the prices of smartphones in Euros, reflecting their value in the
Italian market during the period from 2012 to 2018. It's worth noting that some models may have
been introduced in previous years. This measure of price is consistent with the relatively stable

inflation prevailing in Europe during the study period.

The evolution of smartphone technology is assessed using Functional Measures of
Technological characteristics (FMT) covering the years from 2008 to 2018. These FMTs
encompass both major and minor innovations (cf., Sahal, 1981, pp.27-29) and include the following
characteristics of smartphones: Display (in inches); Display resolution (in total pixels): Calculated
as the product of the display size in rows and columns; Main Camera (megapixels, Mpx); Second
Camera (megapixels, Mpx); Processor (GHz, GigaHertz); Memory (Gb, Gigabyte); RAM (Gb);
Battery (milliampere hour, mAh).
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3.3. Models and Data Analysis Procedure

The technical characteristics of smartphones have exhibited accelerated development since
2006, aligning with trends in the ICT market (cf., Lee & Lim, 2014). To identify the technological
trajectories in the evolution of smartphones, we conduct an initial analysis involving the arithmetic,

geometric, and exponential growth rates for each essential characteristic (i) under consideration (i

=1,..,n).
Let:
FMTi, 2018 represent the level of technical characteristic 1 in 2018.
FMTi, 2008 represent the level of technical characteristic i in 2008.

This calculation involves taking the difference in the level of the technical characteristic

between 2018 and 2008, divided by 10 years to obtain the annual arithmetic growth rate.
FMT; 2018 = FMT; 2008 + FMT; 2008 (Tare - £)
FMT; 2018 — FMT; 2008 = FMT; 2008 (Tare - £)

r — FMTi,ZOlS - FMTi,ZOOS
art FMTi,ZOOS -t

If the development of technical characteristic 1 (i=1, ..., n) in smartphone technology is

assumed to be of geometric type, the rate of growth is given by:

t
FMT; 3018 = FMT; 3008 - (1 + rgeom)

FMT 3018
L — =t 'L -
0g ( FMT, 2000 0g i+ (1 + Tyeom)

(FMTi,2018)
FMT; 3008

Log t Log s - (1 n rgeom)img

<FMTi,2018)
FMTi,ZOOS

t

Tgeom =

If the development of technical characteristic i (i=1, ..., n) in smartphone technology is of

exponential type, the exponential rate of growth is given by:
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FMT; 2018 = FMTi,zooserexpit

—FMTi'ZMB = eTeXDisit
FMT; 2008
log FMTi2018 ) _ roo i
FMT; 2008 P
log(FMTi,zow)
FMT; . . « e
Toxp. = — 228 = rate of exponential growth of technological characteristic i
exp; t

The primary technology analysis employed here to understand the evolution of technology
is based on the hedonic price method. To operationalize this approach, we utilize a log-log model
of hedonic pricing, wherein smartphone prices are regressed with respect to technological

characteristics.
In(P) represents the natural logarithm of the smartphone price.

« is the intercept of the regression model.

B 1, B2, B3, B4, BS, P6, B7, B8 are the coefficients associated with the respective natural logarithms

of the technological characteristics.
¢ represents the error term.

This log-log model allows us to assess the relationships between smartphone prices and the

logarithms of various technological characteristics.

a,logRAM Gb: (1)

ao= constant
a;= coefficient of regression (i=1, ..., n)

A t-test is performed for each coefficient in the hedonic price equation. The standardized
values of these coefficients, denoted as ai, provide insights into the most crucial technological
trajectories that drive the technological progress of a given product over time. Additionally, this
study employs multiple regression analysis with model [1] using the stepwise method (Criteria:

Probability-of-F-to-enter <= .050, Probability-of-F-to-remove >=.100).
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Hierarchical regression is also used in the study to validate the findings and evaluate their
generalizability. In order to ascertain whether extra variables of interest explain a statistically
meaningful amount of variance in the dependent variable (price of smartphone) after accounting
for all other variables, this strategy uses a linear model akin to Eq. [1]. This technique assesses
whether the additional variables significantly increase R2, which is the percentage of the dependent

variable's variance that the model can explain.
The hierarchical regression models are structured as follows:

Model 1: Explanatory variables include technical characteristics of smartphones that
interact with the visual perception of adopters, such as display resolution in pixels and camera

resolution in megapixels.

Model 2: In addition to Model 1, this model includes a variable measuring the technical

characteristic of storage and functionality of smartphones, specifically RAM in Gb.

Model 3: In addition to Model 2, this model includes a variable related to the long battery

life in mAh, which allows for extended smartphone usage to meet adopters' needs.

Hierarchical regression calculates AR2 and AF to determine if Model 2 and Model 3
perform better than Model 1. These regression equations are estimated using the Ordinary Least

Squares method, and the statistical analyses are conducted using IBM SPSS Statistics version 21.
4. Results
4.1. Preliminary Analyses

Table 1A in the Appendix presents descriptive statistics using a natural logarithmic scale.
Typically, variables transformed into natural logarithms tend to exhibit a normal distribution.
However, in this case, certain technical characteristics like Display in inches, 1st Camera Mpx,
Processor, and Memory do not follow a normal distribution when left untransformed. Therefore, if
these variables do exhibit a normal distribution in their original form, they are included in the
statistical analyses. Otherwise, variables that do not display a normal distribution are excluded
from the statistical analyses. Ensuring the normality of the distribution of FMT (a variable of
interest) is crucial for accurate parametric analyses, as it helps reduce distortions and prevents

misleading results.
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Table 2A in the Appendix presents bivariate correlations between variables with a normal
distribution. Notably, the most significant bivariate correlations among the studied variables are as
follows: log price and log resolution display in pixels (r=0.66, p-value=0.01), log price and
processor GHz (r=0.61, p-value=0.01), log price and log RAM Gb (r=0.58, p-value=0.01), log
price and display in inches (1=0.56, p-value=0.01). The correlation coefficient is slightly lower
between log price and log battery mAh (r=0.51, p-value=0.01), as well as log price and log 2nd
Camera Mpx (1=0.41, p-value=0.01).

In the main text, Table 2 presents the rates of growth in technical characteristics of
smartphone technology, considering arithmetic, geometric, and exponential measures. While these
growth rates may differ in magnitude, the ranking of crucial technical characteristics with the
highest evolution remains consistent, with the highest to lowest value maintained across these
different equations. Table 2 highlights that the technical characteristics in smartphone technology
with the most significant exponential growth (rexp) from 2008 to 2018, in descending order, are
Gb of memory (rexp=1.02), Gb of RAM (rexp=0.67), resolution display in pixels (rexp=0.62),
Mpx of the main camera (rexp=0.54), and Mpx of the second camera (rexp=0.45). In contrast, the
slowest growth rates are observed for mAh of the battery (rexp=0.19) and inches of display
(rexp=0.16).

Based on these growth rates in Table 2, the first technical characteristic to experience
significant growth is memory Gb and RAM. This can be attributed to the increasing need for
smartphones to have ample memory and RAM to support continuous software application updates
and enhanced web surfing and functionality. The accelerated improvement of other technical
characteristics, such as higher display resolution and camera resolution, is associated with
improved displays, images, and videos, ultimately enhancing the visual perception and satisfaction

of users (cf., Bhalla & Proffitt, 1999; Iriki et al., 1996; Leutgeb et al., 2005).
Table 2

Rates of Exponential, Geometric and Arithmetic Growth in Technical Characteristics of

Smartphone Technology from 2008 to 2018

Resolution Ist 2nd
. Processor Battery . .
Rates of Display Display in
growth Camera Camera inches

Gb Gb . GHz mAh
Pixels

Memory RAM
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Megapixels Megapixels

rexponential 1015 0668 0.623 0.542 0.454 0331  0.190 0.155
rgeometric 1759 0951 0.864 0.720 0.574 0393 0209 0.167
rarithmetic 5559900 79.900 50.525 22.567 9.233 2645 0.567  0.369
4.2. Main Analyses

Table 3 presents findings regarding the evolutionary pathways of smartphone technology.
On average, these pathways are primarily driven by two key factors: the resolution of the display
in pixels and the performance of RAM in Gb, as indicated by the standardized coefficients of
regression. The Ordinary Least Squares (OLS) estimation of the model in Table 3 reveals specific

insights into how changes in these factors affect smartphone prices:

Display Resolution: A 1% increase in the level of quality in Display resolution (measured
in pixels) is associated with an approximately 0.44% increase in the expected price of smartphones.
This relationship is statistically significant, with a p-value of less than 0.001. In practical terms,
higher display resolution contributes positively to smartphone prices, reflecting the importance of

visual quality to consumers.

RAM Performance: A 1% increase in the level of RAM in Gb (Giga bytes) is linked to
approximately a 0.27% increase in the expected price of smartphones. This relationship is also
statistically significant, with a p-value of less than 0.001. This suggests that smartphones with

greater RAM capacity tend to command higher prices in the market.

These findings emphasize the critical role that display resolution and RAM performance
play in shaping the technological evolution of smartphones and, consequently, their pricing
dynamics. It underscores the significance of these technical characteristics in influencing

consumers' purchasing decisions and the competitive landscape within the smartphone industry.
Table 3

Estimated Relationship for the Evolution of Smartphone Technology (Log-Log Model)

Dependent variable: log Price

Smartphone Unstandardized Coefficient Standardized Coefficient ¢
Constant. o 1.41 177
(St. Err.) (0.80) :

Coefficient log Resolution Display in pixels 0.44%**

(St. Err.) (0.04) 0.58 11.62
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Coefficient log 2" Camera megapixel —0.05* ~0.1 506
(St. Err.) (0.03) ) )
Coefficient log RAM Gb 0.27%**
(St. Frr.) (0.05) 0.30 2.50
Coefficient /og Battery mAh —0.327%**
(St. Err.) ©.1) —0.15 —3.23
R’ adj. adj. 0.44
(St. Err. of the Estimate) (0.43)
F 124.16
(sign.) (0.001)
Note. Dependent variable: log Price; *** = p-value< .001; ** = p-value< .010; * = p-value< .050
Table 4

Model Summary with Stepwise Method

Adjusted R Square
Model F Sign.
(std. error of the estimate)
0.415
1a. 436.27 0.001
(0.438)
2b. 0.427 0.001
230.86
(0.433)
3c. 0.441 0.001
163.27
(0.428)
4d. 0.444 0.001
124.16
(0.427)

Note. These are different regression models with varying sets of predictor variables, and the dependent variable in each
case is the log price in euros. Here's a breakdown of each model: a) Model with one predictor: Dependent Variable:
log price in euros. Predictors: (Constant), log resolution display in pixels (px). b) Model with two predictors:
Dependent Variable: log price in euros. Predictors: (Constant), log resolution display in pixels (px), log RAM in Gb.
¢) Model with three predictors: Dependent Variable: log price in euros. Predictors: (Constant), log resolution display
in pixels (px), log RAM in Gb, log Battery in mAh. d) Model with four predictors: Dependent Variable: log price in
euros. Predictors: (Constant), log resolution display in pixels (px), log RAM in Gb, log Battery in mAh, log second
camera in Mpx.

These models are used to analyze the relationship between the log price of a smartphone in
euros and the specified predictor variables, which include log resolution display, log RAM, log
battery capacity, and log second camera resolution. Depending on the model, different

combinations of these predictor variables are used to predict the log price of the smartphone.

The results of the multiple regression analysis with a stepwise method provide valuable

insights into the factors influencing smartphone prices. Here are the key findings from the analysis:

Initial Model (Table 3): The initial model suggests that approximately 42% of the variation

in smartphone prices can be linearly attributed to the resolution of the display in pixels. This finding
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indicates the strong influence of display quality on smartphone pricing, with higher-resolution

displays commanding higher prices.

Adding Other Variables (Table 4): When additional variables are introduced into the model,
such as RAM capacity and camera specifications, the goodness of fit improves by about 2%. This
suggests that these variables contribute to explaining variations in smartphone prices. Model 4d,
which includes these additional variables, achieves a goodness of fit similar to the estimated
relationship in Table 3. This implies that these technical characteristics also play a role in

determining smartphone prices, albeit to a slightly lesser extent than display resolution.

Table 5: Hierarchical Regression: Approximately 41% of the difference in smartphone costs
can be explained by Model 1, which incorporates technical features linked to visual perception
(resolution display in pixels and second camera in Mpx). This demonstrates how crucial these

technical aspects connected to appearance are in affecting pricing choices.

In conclusion, the results demonstrate how much display resolution affects smartphone
costs, indicating that users are prepared to pay more for gadgets with better screens. Apart from
display quality, additional technological factors that affect price are RAM size and camera specs.

However, their impact is marginally smaller than that of display quality.
Table 5

Hierarchical Regression Analysis of Predictors of Smartphone Prices

Model 1 Model 2 Model 3
Constant Ag —1.94%** —-0.61 1.41
(St. Err.) (0.43) (0.50) (0.80)
log (Resolution Display in Pixels)
Coefficient A, 0.52%** 0.41%** 0.44%**
(St. Err.) (0.03) (0.04) (0.04)
log 2" camera in Megapixels
Coefficient 1, -0.02 —0.08*** —-0.05%
(St. Err.) (0.02) (0.03) (0.03)
log RAM Gb
Coefficient 13 0.24%** 0.27%**
(St. Err.) (0.05) (0.05)
log Battery mAh
Coefficient 14 —0.32%**
(St. Err.) (0.10
F 218.56 159.61 124.16

Sig. 0.001 0.001 0.001
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R? adj. 0.41 0.436 0.444
(St. Err. of the Estimate) (0.44) (0.43) (0.43)
AR? 0.41 0.023 0.009
AF 218.56%*** 24.78%** 10.43%**
Note. Dependent variable: log Price; *** = p-value<.001; ** = p-value< .010; * = p-value< .050

The hierarchical regression analysis provides further insights into the factors influencing

smartphone prices, including the contribution of different technical characteristics:

Model 2: The introduction of the technical characteristic related to storage and functionality
of smartphones, represented by RAM capacity in Gb, explains an additional 2.3% of the variance
in smartphone prices over and above the variables associated with visual perception. This is a
significant contribution (p-value < 0.001) and underscores the importance of RAM capacity in

pricing.

Model 3: When the variable representing the long battery life in mAh is added to the model,
it explains an additional 1% of the variance in smartphone prices, again with a significant
contribution (p-value < 0.001). This suggests that a longer-lasting battery is associated with higher

smartphone prices.

Table 6 furnishes descriptive statistics pertaining to the evolutionary advancements in
technical attributes of smartphone technology between 2008 and 2018. The maximum values
highlighted in the table signify the peak levels attained by these characteristics in 2018. This
tabulated data serves as a concise overview of the progression of diverse technical facets within
smartphones over the specified research duration, providing valuable insights into the

transformation of these features.
Table 6

Descriptive Statistics of the Evolutionary Stepwise Improvements of Technical Characteristics in

Smartphone Technology from 2008 to 2018

Technical characteristics N Minimum Maximum Mean Std. Deviation
Display in inches 55 145 6.80 4.44 1.49
Resolution Display total pixels 33 16384.00 8294400.00 1411271.03 1845077.45
1% Camera megapixels 38 0.30 68.00 18.50 13.72

2" Camera megapixels 25 0.30 28.00 7.85 8.25
Processor GHz 29 0.10 2.80 1.45 0.81

Memory Gb 30 0.01 256.00 17.25 52.02

RAM Gb 15  0.04 32.00 4.96 8.39

Battery MAh 123 750.00 5000.00 2411.87 931.22
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Evolutionary Stepwise Improvements of technical characteristics in Smarthphone Technology from 2008 to 2018

Figure 1. Technological Trajectories of the Evolution of Smartphone Technology from 2008 to
2018

Figure 1 visually conveys the trajectories of technological development, illustrating the
evolutionary enhancements in various technical attributes of smartphone technology from 2008 to
2018. The figure emphasizes two distinct patterns in the technological progression of these

characteristics:

Arithmetic Growth Trajectories: These are noticeable for the technological advancements
in battery capacity (mAh) and display size (inches), denoted by trends labeled as "1" and "8" in
Figure 1.

Exponential Growth Trajectories: These trajectories are apparent for the technological
advancement of several crucial characteristics, including RAM in Gb, Ist and 2nd camera
resolution in Mpx, memory in Gb, display resolution in total pixels, and processor speed in GHz.
These exponential growth patterns are represented by trends labeled as "2" through "7" in Figure

1.

Figure 1's representation of technological trajectories suggests that technical characteristics
that improve user experience visually (high definition displays and better quality cameras), increase
storage capacity (measured in Gb by memory and RAM), and improve functionality (processor

speed in GHz) are the main drivers of smartphone technology evolution.
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Table 7 further supports these findings by revealing a very high coefficient of correlation
between the technical characteristics of smartphone technology and processor speed (GHz), which
serves as a proxy for the overall performance of smartphone technology. The strong correlations
(with coefficients greater than 0.81 and a p-value of 0.001) imply that the evolution of smartphone
technology is a coevolutionary process, where different subsystems of technology within the

complex smartphone system interact and contribute to its development.
Table 7

Correlation between Evolution of Technical Characteristics within Smartphone Technology

log log 1\5[0511 Selcoc‘)gn d log log log Log
Display Resolution Camera  Camera Processor Memory RAM battery
inches Pixels © © GHz Gb Gb MAh
Mpx Mpx
Pearson — ggee 955 985 923" 1 817 944" 263
log Correlation
Processor Sig.
GHz (2-tailed) .001 .001 .001 .001 .001 .001  .168
N 29 29 29 25 29 29 15 29

Note. **. Correlation is significant at the 0.01 level (2-tailed).
5. Discussion and concluding observations

Using a hedonic price method and other techniques, this article provides an informative
examination of the evolution of smartphone technology, focusing on the key technical features that
propel technological advancement. The results offer important insights into the dynamics of
technical growth in the smartphone market and throw light on the elements influencing the

evolutionary routes of smartphones.

Among the study's main conclusions are: The report identified the key drivers of
technological growth in smartphones as display resolution in pixels and RAM performance in
gigabytes. These technological features are crucial for meeting customer needs and maintaining

competitive advantage because they have a big influence on smartphone prices.

Visual Perception and Functionality: As smartphone technology has advanced, factors like
camera quality and display resolution that are directly tied to visual perception have become
increasingly important. According to this research, RAM, camera resolution, memory, and display
resolution have all grown exponentially. This highlights how crucial it is to satisfy users'

expectations for excellent visual experiences.
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Coevolution of Technologies: The study highlights the coevolution of technologies within
the smartphone ecosystem. Smartphone technology advances are closely linked to innovations in
associated technologies, such as digital cameras, display technologies (e.g., HD, 4K), and other
subsystems. Learning effects and cumulative knowledge contribute to the assimilation of new

technologies into smartphones, fostering innovation and diversification.

Implications for Technology Policy: Management techniques and technology policy can
both benefit from the knowledge gathered from this study. Policymakers and technology managers
can more effectively allocate resources and support research and development efforts in areas
expected to undergo fast evolution by understanding the forces driving technological advancement

and evolutionary pathways.

However, the article also acknowledges certain limitations and challenges in applying the
hedonic price method and other techniques for technological analysis. These include the need for
improvements in the theoretical framework and empirical evidence, the requirement for a

homogeneous market, and the necessity for accurate knowledge of the technology under study.

In conclusion, this study advances our knowledge of how smartphone technology changes
over time and emphasizes the importance of particular technological traits in promoting this
change. It draws attention to how interrelated technologies are inside complex systems and how
market needs and consumer expectations influence the direction of technical advancement. To
continue advancing the analysis of technological growth and evolution, more investigation and
improvement of the hedonic price approach are recommended. Sahal (1985, p.9) about limitations

of the hedonic technique argues that:

“First, the technique works best in cases of a distinct product technology with clearly
defined characteristics (e.g., computers, automobiles, and farm tractors). It cannot easily be
applied to cases of a process technology (e.g., the oxygen-steel process, the catalytic
cracking process of petroleum refining, and nuclear power generation). Second, the
technique is evidently inapplicable to technological changes in areas not governed by the
free play of supply and demand (e.g., military or aerospace items, scientific instruments,
and genetic engineering products). Third, the Hedonic approach is unsuitable for
international comparisons because of significant differences in factor prices among

different countries. Fourth, the application of the technique, in practice, is beset by a number
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of difficulties. One main reason for this is that the data are most often available in the form

of list prices which do not accurately represent the quality of the product.”

In summary, the methodology used in this study is still relevant and useful for elucidating
the particular technological traits that propel the development of modern technology such as
cellphones. In the end, it helps in the prediction of rapidly evolving technological trajectories for
competitive advantages in new product development. It is a significant first step in applying the
hedonic pricing method to analyze crucial technological characteristics that support technological

evolution.

Beyond its particular results, the study is important because it could lay the groundwork for
the creation of more sophisticated theoretical frameworks for technical forecasting and analysis.
Future studies can use the hedonic pricing technique to identify and predict technological
trajectories that change quickly in volatile and dynamic marketplaces. It's crucial to understand that
finding a thorough approach to identifying crucial technological evolution pathways—particularly
those impacted by the actions of other technologies—remains a difficult undertaking. Technology's
dynamic and complex nature presents a number of characteristics that are not constant in space,
time, or across different technology domains. Therefore, in order to improve and broaden our
understanding of the evolution and invention of technology, continual study activities are required.
In conclusion, the methodology used in this study has the potential to make a substantial
contribution to the field of technology analysis and forecasting, while also acknowledging that
continued research and methodological flexibility are necessary due to the dynamic and complex
nature of technology. In this context, Wright (1997, p.1562) properly claims that: “In the world of

technological change, bounded rationality is the rule.”



390

References
Arthur, B.W. (2009). The Nature of Technology. What it is and How it Evolves, Penguin Books:
London.

Arthur, B.W., & Polak, W. (2006). The evolution of technology within a simple computer model,
Complexity, 11(5), 23-31. doi. https://doi.org/10.1002/cplx.20130

Bhalla, M., & Proffitt, D.R. (1999). Visual-motor recalibration in geographical slant perception.
Journal of Experimental Psychology. Human Perception and Performance, 25(4), 1076-
1096. doi. https://psycnet.apa.org/doi/10.1037/0096-1523.25.4.1076

Carranza, J.E. (2010). Product innovation and adoption in market equilibrium: The case of digital
cameras, International Journal of Industrial Organization, 28(6), 604-618. doi.
https://doi.org/10.1016/].ijindorg.2010.02.003

Coccia, M. (2005). Measuring intensity of technological change: The seismic approach.
Technological  Forecasting and  Social ~ Change, 72(2), 117-144.  doi.
https://doi.org/10.1016/j.techfore.2004.01.004

Coccia, M. (2005a). Technometrics: Origins, historical evolution and new direction. Technological
Forecasting & Social Change, 72(8), 944-979. doi.
https://doi.org/10.1016/].techfore.2005.05.011

Coccia, M. (2017). Sources of disruptive technologies for industrial change. L industria —rivista di
economia e politica industriale, 38(1), 97-120.

Coccia, M. (2017a). Sources of technological innovation: Radical and incremental innovation
problem-driven to support competitive advantage of firms. Technology Analysis &
Strategic Management, 29(9), 1048-1061. doi.
https://doi.org/10.1080/09537325.2016.1268682

Coccia M. 2017b. Fundamental Interactions as Sources of the Evolution of Technology (May 25,
2017). Working Paper CocciaLab, No.23. Available at: Electronic Library SSRN:
https://ssrn.com/abstract=2974043

Coccia, M. (2018). A Theory of classification and evolution of technologies within a Generalized
Darwinism, Technology Analysis & Strategic Management, doi.
http://dx.doi.org/10.1080/09537325.2018.1523385

Coccia, M., & Wang, L. (2015). Path-breaking directions of nanotechnology-based chemotherapy
and molecular cancer therapy, Technological Forecasting and Social Change, 94, 155-169.
doi. https://doi.org/10.1016/j.techfore.2014.09.007

Coccia, M., & Wang, L. (2016). Evolution and convergence of the patterns of international
scientific collaboration, Proceedings of the National Academy of Sciences of the United
States of America, 113(8), 2057-2061, www.pnas.org/cgi/doi/10.1073/pnas. 1510820113



https://doi.org/10.1002/cplx.20130
https://psycnet.apa.org/doi/10.1037/0096-1523.25.4.1076
https://doi.org/10.1016/j.ijindorg.2010.02.003
https://doi.org/10.1016/j.techfore.2004.01.004
https://doi.org/10.1016/j.techfore.2005.05.011
https://doi.org/10.1080/09537325.2016.1268682
https://ssrn.com/abstract=2974043
http://dx.doi.org/10.1080/09537325.2018.1523385
https://doi.org/10.1016/j.techfore.2014.09.007
http://www.pnas.org/cgi/doi/10.1073/pnas.1510820113

391

Daim, T.U., Byung-Sun, Y., Lindenberg, J., Grizzi, R., Estep, J., & Oliver, T. (2018). Strategic
roadmapping of robotics technologies for the power industry: A multicriteria technology
assessment, Technological Forecasting and Social Change, 131, 49-66. doi.
https://doi.org/10.1016/j.techfore.2017.06.006

Erwin, D.H., & Krakauer, D.C. (2004). Evolution. Insights into innovation. Science, 304(5674),
1114-1119. doi. https://doi.org/10.1126/science.1099385

Farmer, J.D., & Lafond, F. (2016). How predictable is technological progress? Research Policy,
45, 647-665. doi. https://doi.org/10.1016/j.respol.2015.11.001

Farrell, C.J. (1993). A theory of technological progress, Technological Forecasting and Social
Change, 44(2), 161-178. doi. https://doi.org/10.1016/0040-1625(93)90025-3

Faust, K. (1990). Early identification of technological advances on the basis of patent data,
Scientometrics, 19(5-6), 473-480. doi. https://doi.org/10.1007/BF02020708

Gherardi, M., & Rotondo, P. (2016). Measuring logic complexity can guide pattern discovery in
empirical systems, Complexity, 21(S2), 397-408. doi. https://doi.org/10.1002/cplx.21819

Hall, B.H., & Jaffe, A.B. (2018). Measuring science, technology, and innovation: A review. Annals
of Science and Technology Policy, 2(1), 1-74. doi. http://dx.doi.org/10.1561/110.00000005

Iriki, A., Tanaka, M., & Iwamura, Y. (1996). Attention-induced neuronal activity in the monkey
somatosensory cortex revealed by pupillometrics. Neuroscience Research, 25(2), 173-181.
doi. https://doi.org/10.1016/S0168-0102(96)01043-7

Koh, H., & Magee, C.L. (2006). A functional approach for studying technological progress:
Application to information technology. Technological Forecasting and Social Change,
73(9), 1061-1083. doi. https://doi.org/10.1016/].techfore.2006.06.001

Koh, H., & Magee, C.L. (2008). A functional approach for studying technological progress:
Extension to energy technology. Technological Forecasting and Social Change, 75(6),
735-758. doi. https://doi.org/10.1016/].techfore.2007.05.007

Lacohée, H., Wakeford, N., & Pearson, 1. (2003). A social history of the mobile telephone with a
view of its future, BT  Technology Journal, 21(3), 203-211. doi.
https://doi.org/10.1023/A:1025187821567

Lee, H.P., & Lim, S.P. (2014). Comparative studies of perceived vibration strength for commercial
mobile phones. Applied Ergonomics, 45(3), 807-810. doi.
https://doi.org/10.1016/j.apergo.2013.07.006

Leutgeb, S., Leutgeb, J.K., Barnes, C.A., Moser, E.I., McNaughton, B.L., & Moser, M. (2005).
Independent codes for spatial and episodic memory in hippocampal neuronal ensembles.
Science, 309(5734), 619-623. doi. https://doi.org/10.1126/science.1114037

Linstone, H.A. (2004). From information age to molecular age, Technological Forecasting and
Social Change, 71(2), 187-196. doi. https://doi.org/10.1016/j.techfore.2003.09.004



https://doi.org/10.1016/j.techfore.2017.06.006
https://doi.org/10.1126/science.1099385
https://doi.org/10.1016/j.respol.2015.11.001
https://doi.org/10.1016/0040-1625(93)90025-3
https://doi.org/10.1007/BF02020708
https://doi.org/10.1002/cplx.21819
http://dx.doi.org/10.1561/110.00000005
https://doi.org/10.1016/S0168-0102(96)01043-7
https://doi.org/10.1016/j.techfore.2006.06.001
https://doi.org/10.1016/j.techfore.2007.05.007
https://doi.org/10.1023/A:1025187821567
https://doi.org/10.1016/j.apergo.2013.07.006
https://doi.org/10.1126/science.1114037
https://doi.org/10.1016/j.techfore.2003.09.004

392

Magee, C.L., Basnet, S., Funk, J.L., & Benson, C.L. (2016). Quantitative empirical trends in
technical ~ performance.  Technological  Forecasting &  Social  Change,
http://doi.org/10.1016/j.techfore.2015.12.011

Magee, C.L. (2012). Towards quantification of the role of materials innovation in overall
technological development. Complexity, 18(1), 10-25. doi.
https://doi.org/10.1002/cplx.20309

McNerney, J., Farmer, J.D., Redner, S., & Trancik, J.E. (2011). Role of design complexity in
technology improvement, Proceedings of the National Academy of Sciences, 108(22),
9008-9013. doi. https://doi.org/10.1073/pnas.1017298108

Nagy, B., Farmer, J.D., Bui, Q.M. & Trancik, J.E. (2013). Statistical basis for predicting
technological progress. PloS One, 8(2), €52669. doi.
https://doi.org/10.1371/journal.pone.0052669

Punto, C. (2018). Schede  Tecniche Cellulari, https://puntocellulare.it/schede-
cellulari/cellulari.html (accessed 18th June 2018).

Sahal, D. (1981). Patterns of Technological Innovation. Addison-Wesley Publishing Company,
Inc., Reading, Massachusetts.

Sahal, D. (1985). Foundations of technometrics, Technological Forecasting & Social Change,
27(1), 1-37. doi. https://doi.org/10.1016/0040-1625(85)90002-2

Saviotti, P. (1985). An approach to the measurement of technology based on the hedonic price
method and related methods, Technological Forecasting & Social Change, 27(2-3), 309-
334. doi. https://doi.org/10.1016/0040-1625(85)90064-2

Simon, H.A. (1962). The architecture of complexity, Proceeding of the American Philosophical
Society, 106(6), 476-482.

Tran, T.A., & Daim, T.U. (2008). A taxonomic review of methods and tools applied in technology
assessment, Technological Forecasting and Social Change, 75(9), 1396-1405. doi.
https://doi.org/10.1016/j.techfore.2008.04.004

Triplett, J.E. (1985). Measuring technological change with characteristics-space techniques,
Technological  Forecasting &  Social  Change, 27(2-3), 283-307. doi.
https://doi.org/10.1016/0040-1625(85)90063-0

Triplett, J.E. (2006). Handbook on Hedonic Indexes and Quality Adjustments in Price Indexes:
Special Application to Information Technology Products, OECD Publishing, Paris,
https://doi.org/10.1787/9789264028159-en

Wang, C.C., Sung, H.Y., Huang, M.H. (2016). Technological evolution seen from the USPC
reclassifications, Scientometrics, 107(2), 537-553. doi. https://doi.org/10.1007/s11192-
016-1851-3



http://doi.org/10.1016/j.techfore.2015.12.011
https://doi.org/10.1002/cplx.20309
https://doi.org/10.1073/pnas.1017298108
https://doi.org/10.1371/journal.pone.0052669
https://puntocellulare.it/schede-cellulari/cellulari.html
https://puntocellulare.it/schede-cellulari/cellulari.html
https://doi.org/10.1016/0040-1625(85)90002-2
https://doi.org/10.1016/0040-1625(85)90064-2
https://doi.org/10.1016/j.techfore.2008.04.004
https://doi.org/10.1016/0040-1625(85)90063-0
https://doi.org/10.1787/9789264028159-en
https://doi.org/10.1007/s11192-016-1851-3
https://doi.org/10.1007/s11192-016-1851-3

393

Watanabe, C., Kanno, G., & Tou, Y. (2012). Inside the learning dynamism inducing the resonance
between innovation and high-demand consumption: A case of Japan's high-functional
mobile phones, Technological Forecasting & Social Change, 79(7), 1292-1311. doi.
https://doi.org/10.1016/j.techfore.2012.03.003

Watanabe, C., Moriyama, K., & Shin, J. (2009). Functionality development dynamism in a
diffusion trajectory: a case of Japan's mobile phones development, Technol. Technological
Forecasting & Social Change, 76(6), 737-753. doi.
https://doi.org/10.1016/].techfore.2008.06.001

Woods, B. (2018). Smartphone screens explained: display types, resolutions and more.
https://www.androidpit.com/smartphone-displays-explained (accessed 18th June, 2018)

Wright, G. (1997). Towards a more historical approach to technological change, The Economic
Journal, 107, 1560-1566. doi. https://doi.org/10.1098/rsif.2013.1190



https://doi.org/10.1016/j.techfore.2012.03.003
https://doi.org/10.1016/j.techfore.2008.06.001
https://www.androidpit.com/smartphone-displays-explained
https://doi.org/10.1098/rsif.2013.1190

394

Descriptive Statistics of Technical Characteristics of Smartphone

APPENDIX

Table 1A

log log log log log log log log log
Price in Display  Resolution 1t Camera 2" Camera Processor Memory RAM Battery
Euros in inches display
pixels megapixel megapixel GHz Gb Gb mAh
N Valid 735 733 733 724 624 673 716 656 727
Missing 0 2 2 11 111 62 19 79 8
Mean 5.206 1.551 13.735 2.303 1.416 0.414 2.710 0.717 7.792
Std. Deviation 0.647 0.260 1.157 0.786 1.073 0.438 1.443 0.742 0.381
Skewness -.034 -2.018 -1.094 -1.528 -1.111 -2.597 -1.669 -.750 -.783
Std. Error of Skewness .090 .090 .090 .091 .098 .094 .091 .095 .091
Kurtosis 379 4.125 1174 4.507 .780 12.780 4.083 2.346 .092
Std. Error of Kurtosis .180 .180 .180 181 195 .188 182 191 181
Minimum 3.07 372 9.704 -1.204 -1.204 -2.283 -5.298 -3.219 6.620
Maximum 7.44 1.917 15.931 4.220 3.332 1.030 5.545 3.466 8.517
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Table 2A
Correlations
log log log log log Display in Processor
inches in GHz
Price Resolution 2" Camera RAM Battery
display
Euro pixels megapixel Gb mAh
log Pearsoq 1
Correlation
Price
Sig. (2-tailed)
Euro
N 735
log Pearsoq 655" 1
Correlation
Resolution
Sig. (2-tailed) .001
Display pixels
N 733 733
Iog Pearson. 408" 673" 1
Correlation
2" Camera
Sig. (2-tailed) .001 .001
megapixels
N 624 624 624
log Pearson 575" 714" 736" 1
Correlation
RAM Gb
Sig. (2-tailed) .001 .001 .001
N 656 656 617 656
log Pearson 509" 849" 689" 683" 1
Correlation
Battery MAh
Sig. (2-tailed) .001 .001 .001 .001
N 727 727 624 654 727
Display in Pearsoq 564" 905" 697" 643" 914" 1
Correlation
inches
Sig. (2-tailed) .001 .001 .001 .001 .001
N 733 733 624 656 727 733
Processor GHz Pearson. 609" 838" 562" 781" 669" 711" 1
Correlation
Sig. (2-tailed) .001 .001 .001 .001 .001 .001
N 673 673 609 638 670 673 673

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