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LATAR BELAKANG 
Karenajumlahbiayadanresiko yang terlibatdalamimplementasi IT, makaorganisasiperlumengetahui 
sejauhmanamerekasudahmengelolasistem ITmereka, berapa level sistem IT 
merekadanjugadimanaposisimerekajkadibandingkandenganorganisasisejenislainnyaataupuncommon 
practice. 
Hal inidiperlukanuntukmenentukanlangkahapayang harusdilakukanuntukmenciptakansistem yang 
lebihbaik.Untukmenjawabpertanyaantersebut, makadiperlukansuatu proses pengukuranimplementasi 
ITyang menghubungkankebutuhanbisnis, internalproses danjuga control yang sesuaidengan 
lifecycleimplementasi IT. 
 
BATASAN PENELITIAN 
Batasan dari penelitianiniadalah: 
1. Pengembanganmetodedanpengukuranyang dilakukanberdasarkankarakteristikimplementasi IT di perguruantinggi 
2. PengembanganmetodemenggunakanMaturity Level COBIT sebagaidasarpenilaian. 
 
HASIL PENGUKURAN 
Pengukuran yang dilakukanpadapenelitianinidilakukandenganmenggunakanpendekatan 
yangdirancangsebelumnyasertadilakukanpadabeberapauniversitas yang berada di pulauJawadan 
Sumatera.Dimanametodepengumpulan data yang digunakanadalahmelalui checklist dan 
interview.Hasildaripengukuran yang dilakukanadalah maturity levelyang menggambarkansistem IT 
organisasidalammaturity level COBIT. 
 
KESIMPULAN 
Dari penelitian yang dilakukan, adabeberapa pointpenting yang dapatdisimpulkan: 
1. MetodePengukuran. 
Metodepengukuran yang dihasilkanberhubungandengandukungan IT dalammencapaitujuanorganisasidanjuga 
prosesinternal untukmendukungpencapaiantujuanIT.Identifikasi proses internal yang 
disebutdiatasdilakukanmelaluipenelitianterhadapkebutuhanorganisasidalammencapaitujuan IT. 
Pemetaan proses internal organisasikedalamCOBIT dilakukanmelalui “professionaljudgment” 
danjugaidentifikasiterhadaprelevansiantara proses internal dengan controlobjectives COBIT.Proses perancangan 
control padapengukuraninimenggunakan COBIT sebagai reference. 
2. Dari pengukuran yang dilakukan di perguruantinggi di Indonesia, adabeberapa point pentingyang diperoleh: 
Proses internal yang perludiperhatikanolehorganisasidalammengoptimalkan IT 
dalammendukungorganisasiuntukmencapaitujuannyaadalah: 
a. KomitmendanDukunganManajemen 
b. SumberdayaManusia 
c. Pendanaan 
d. Infrastruktur, HW dan SW 
e. ManajemenSistem 
f. BudayaKerja 
g. KualitasLayanan 
Dari hasilpengukurandanpembandinganyang dilakukanterhadaporganisasisejenis,makadapatdilihatkalaunilai 
maturity leveldariimplementasi IT padaperguruantinggi diIndonesaimasihberadadibawahrata-rata nilaidari 
organisasi sejenis lainnya di negara lain. 
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ABSTRAK  

Meningkatnya kompleksitas, interkonektivitas dan globalisasi membuat pengembangan IT memerlukan biaya yang 

besar dan juga menimbulkan berbagai macam resiko. Namun pada saat yan sama, IT juga menawarkan peluang 

yang besar untuk memungkinkan pengembangan bisnis dan juga dapat merubah budaya bisnis. Peluang yang 

ditawarkan implementasi IT tidak hanya membuat IT sangat strategis bagi perkembangan organisasi, namun juga 

sangat diperlukan untuk kelangsungan organisasi. Karena banyaknya biaya dan resiko yang mungkin timbul dari 

implementasi IT, maka organisasi perlu untuk menerapkan kontrol yang sesuai bagi sistem IT mereka dan juga 

melakukan pengukuran yang sesuai untuk melihat sejauh mana kesesuaian antara implementasi IT denga kontrol 

yang diterakan. Penelitian ini dilakukan untuk mendesai metode engukuran IT dengan menggunakan karakteristik 

internal proses sebagai hal yang perlu diperhatikan oleh organisasi dalam mencapai tujuan IT. 

Kata Kunci: Peluang, Biaya, Resiko, Internal Process 

1 OVERVIEW 

1.1 Latar Belakang 

Pemanfaatan IT dalam mendukung organisasi untuk 

merespons tekanan bisnis dan mencapai tujuannya 

telah dianggap sebagai kebutuhan yang sangat 

penting bagi setiap organisasi. Hal ini didukung oleh 

banyaknya cerita sukses implementasi IT di banyak 

Negara. Namun meningkatnya kompleksitas, 

interkonektivitas dan globalisasi telah membuat 

pengembangan IT melibatkan biaya yang sangat 

besar dan juga memunculkan berbagai resiko. Pada 

saat bersamaan, IT juga menawarkan peluang yang 

sangat besar untuk memungkinkan pengembangan 

bisnis dan merubah proses bisnis organisasi. 

Peluang,biaya dan juga resiko yang terdapat dalam IT 

tidak hanya membuat IT menjadi sangat strategis 

bagi perkembangan perusahaan, tapi juga sangat 

penting bagi kelangsungan perusahaan. 

Saat ini banyak pertanyaan yang muncul dalam 

perkembangan IT yang demikian pesatnya. Apakah 

jumlah investasi IT sesuai dengan keuntungan yang 

diperoleh?  

Banyak implementasi IT di Indonesia hanya membali 

produk aplikasi, menginstall-nya di server, melatih 

op[erator dan kemuadian mengoperasikannya. 

Kondisi ini membuat implementasi IT tidak mampu 

memberikan nilai tambah yang maksimal bagi 

organisasi karena kurangnya kesesuaian bisnis serta 

pengendalian/control terhadap proses yang ada. 

Pertanyaan diatas juga timbul dalam implementasi IT 

di lembaga pendidikan tinggi/universitas. Dimana 

universitas sebagai organisasi yang memiliki sumber 

daya yang memahami perlunya kontrol yang baik 

dalam implementasi IT hanya memiliki awareness 

tentang kontrol tersebut, namun belum ada suatu 

proses yang dilaksanakan untuk mencapai 

compliance terhadap kontrol tersebut. 

Karena jumlah biaya dan resiko yang terlibat dalam 

implementasi IT, maka organisasi perlu mengetahui 

sejauh mana mereka sudah mengelola sistem IT 

mereka, berapa level sistem IT mereka dan juga 

dimana posisi mereka jka dibandingkan dengan 

organisasi sejenis lainnya ataupun common practice. 

Hal ini diperlukan untuk menentukan langkah apa 

yang harus dilakukan untuk menciptakan sistem yang 

lebih baik. 

Untuk menjawab pertanyaan tersebut, maka 

diperlukan suatu proses pengukuran implementasi IT 

yang menghubungkan kebutuhan bisnis, internal 

proses dan juga control yang sesuai dengan lifecycle 

implementasi IT. 

1.2 Tujuan 

Tujuan dari penelitian ini adalah untuk mendesain 

sebuah metode pengukuran IT di Idonesia yang 

menghubungkan tujuan bisnis, internal proses dan 

perangkat control yang seseuai dengan lifecycle 

implementasi IT dengan menggunakan Maturity 

Level COBIT. 
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1.3 Batasan 

Batasan dari penelitian ini adalah: 

1. Pengembangan metode dan pengukuran 

yang dilakukan berdasarkan karakteristik 

implementasi IT di perguruan tinggi 

2. Pengembangan metode menggunakan 

Maturity Level COBIT sebagai dasar 

penilaian. 

2 IT MEASUREMENT  

2.1 Karakteristik Implementasi IT di Universitas 

di Indonesia 

Implementasi IT di perguruan tinggi di Indonesia 

memiliki karakteristik yang mungkin berbeda dengan 

perguruan tinggi di negara lain, yaitu: 

• Pengembangan IT yang masih bersifat 

vendor driven/product base, baik itu untuk 

pengembangan infrastruktur, hardware 

maupun software 

• Komitmen manajemen hanya sebatas 

kesadaran saja, namun belum disertai action 

plan yang jelas. 

• Kurangnya prosedur kontrol dalam 

implementasi IT dalam rangka mencapai 

kesesuaian antara IT dengan kebutuhan 

bisnis 

• Perencanaan sumber daya manusia yang 

kurang terstruktur 

• Kurangnya endanaan dan perencanaan 

keuangan 

• Masih belum membudayanya budaya 

berbagi informasi dan dokumentasi. 

Karakteristik yang disebutkan diatas dapat digunakan 

sebagai panduan dalam menetapkan internal proses 

yang diperlukan oleh organisasi dalam mencapai IT 

objectives. 

2.2 Perancangan Metode Pengukuran 

Pada dasarnya ada dua macam evaluasi/pengukuran 

terhadap suatu sistem[8], yaitu : 

1. Evaluasi/pengukuran sistem dari sudut 

pandang pengguna (user perspektif) 

2. Evaluasi/pengukuran sistem dari kinerja 

teknis, termasuk dampak keberadaan sistem. 

Namun dalam perkembangannya, ada bermacam-

macam sudut pandang evaluasi/pengukuran yang 

dapat dilakukan pada sebuah sistem.  

Evaluasi/ Pengukuran sistem dalam penelitian ini 

dilakukan dari sudut pandang internal proses. 

Pengukuran dilakukan pada dasarnya untuk melihat 

efisiensi dan efektivitas sistem dalam mendukung 

pencapaian tujuan bisnis dari sudut pandang inetrnal 

proses yang dibutuhkan oleh organisasi. Dimana 

untuk mendukung proses pengukuran, digunakan 

COBIT sebagai framework untuk menentukan 

maturity level proses internal organisasi.  

Pengembangan metode pengukuran menggunakan 

COBIT Process Relation sebagai dasar dimana dalam 

COBIT Process Relation, hasil pengukuran yang 

dilakukan adalah berupa maturity level. Tetapi dalam 

COBIT Process relation hasil dari pengukuran masih 

dibagi ke dalam masing-masing control objectives 

dan belum menggambarkan operasi internal yang 

dibutuhkan oleh organisasi untuk mencapai tujuan 

bisnisnya. 

 

Gambar 1. COBIT IT Process Relation [7] 

Sementara, dalam penelitian ini proses pengukuran 

dikombinasikan dengan proses pemetaan Control 

Objectives COBIT ke dalam proses internal yang 

diperlukan oleh organisasi untuk mencapai tujuan IT 

mereka. Proses pengukuran yang dihasilkan dan 

digunakan dalam penelitian ini dapat dilihat pada 

gambar 2. 

 

Gambar 2. Proses Pengukuran 
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2.3 Proses Pengukuran 

Dari metode yang dikembangkan, ada beberapa 

langkah awal yang harus diperhatikan untuk 

memperoleh hasil pengukuran yang objective. 

a. Penentuan internal proses yang diperlukan 

organisasi 

1. Tipe organisasi yang akan diukur.  

Identifikasi jenis/tipe organisasi merupakan 

langkah awal yang diperlukan dalam proses 

pengukuran. Hal ini karena nature organisasi di 

tiap negara atau tipe tertentu sangat beraneka 

ragam, sehingga diperlukan pendekatan yang 

berbeda pula dalam pengkuran. 

2. Tujuan dari organisasi yang akan diukur.  

Pencapaian tujuan organisasi adalah tolak ukur 

yang diinginkan pada setiap implementasi 

kebijakan, prosedur, sistem dalam organisasi. 

Pencapaian tujuan organisasi juga merupakan 

tolak ukur keberhasilan implementasi TI, karena 

itu perlu pendefinisian tujuan organisasi untuk 

menentukan nilai tambah apa yang akan atau 

dapat diberikan TI dalam mendukung pencapaian 

tujuan tersebut. 

Pada umumnya, tujuan dari organisasi yang 

mempunyai operasi bisnis yang sama akan 

hampir sama juga. 

3. Value-added yang diharapkan dari IT dalam 

mendukung pencapaian tujuan organisasi (IT 

Objectives). 

Nilai tambah TI yang dimaksud dapat berupa 

daya guna, manfaat serta dampak sistem TI yang 

diterapkan dalam mendukung pencapaian tujuan 

organisasi. Dimana nilai tambah ini bersifat 

spesifik untuk tiap-tiap organisasi.  

4. Entitas internal proses untuk mewujudkan nilai 

tambah TI yang dimaksud (CSF-Critical Success 

Factor) 

Internal proses (CSF) merupakan faktor – faktor 

yang dapat mendukung pencapaian nilai tambah 

TI dan diharapkan dapat memberikan langkah 

yang harus dilakukan agar nilai tambah yang 

dimaksud dapat terwujud. Contoh dari faktor 

pendukung yang dimaksud: komitmen dan 

dukungan manajemen, kemampuan SDM dan 

sebagainya.  

Identifikasi internal proses memerlukan 

penelitian yang mendalam tentang hubungan 

objective TI dengan hal-hal yang mendukung 

pencapaian objective tersebut untuk organisasi 

yang bersangkutan. Hal ini dibutuhkan agar 

pengukuran yang dilakukan dapat memberikan 

hasil yang komprehensif. 

Proses internal ditentukan berdasarkan hubungan 

antara tujuan IT dengan proses yang diperlukan 

untuk mencapai tujuan tersebut. 

Langkah-langkah yang disebutkan diatas diperlukan 

untuk menentukan misi bisnis organisasi, tujuan, dsb 

karena hal yang disebutkan diatas sangat spesifik 

dalam tiap-tiap organisasi dan juga sangat penting 

dalam menentukan akurasi dari pengukuran yang 

dilakukan. 

Hasil dari proses yang disebutkan diatas dapat dilihat 

pada tabel 1. 

b. Fieldwork 

After organization identification, organization 

requirement to IT and internal process identification, 

the next measurement process were:  

1. Internal process mapping into COBIT 

Framework.  

Maping internal proses ke dalam Control 

Objectives/Detail Control Objectives COBIT 

dilakukan untuk mendukung perancangan desain 

kontrol yang sesuai dengan masing-masing CSF 

(requirements) yang ditetapkan. COBIT 

digunakan sebagai baseline dan acuan dalam 

desain kontrol yang dibutuhkan. COBIT dipilih 

sebagai baseline karena COBIT merupakan good 

practice kontrol TI yang closely linked dengan 

obyektif bisnis dalam domain teknologi 

informasi. 

Berikut adalah mapping CSF ke COBIT untuk 

proses pengukuran pada perguruan tinggi. 

Tabel 1. Pemetaan Internal Process ke 

Control Objectives COBIT  

TIPE ORGANISASI : 

LEMBAGA PENDIDIKAN 

OBJECTIVES ORGANISASI :  
Mengembangkan reputasi akademis yang istimewa, dan 

menjalankan layanan pengetahuan berbasis keistimewaan 

akademis tersebut 

OBJECTIVES TI : 
Meningkatkan interaksi anatara pengajar, mahasiswa dan 

sumber daya informasi dalam upaya pengembangan ide-ide 

kreatif dan penelitian 

INTERNAL 

PROCESS/CRITICAL 

SUCCESS FACTORS 

COBIT REFERENECE 

Leadership Commitment 

and Support 

PO1, PO3,  PO4, PO5, PO6, 

PO7, PO9, AI4, AI6, DS3, 

M1, M2, M4 

Kemampuan SDM PO7, AI6, DS7 

Pendanaan PO5, DS6 

Infrastruktur, HW dan SW AI1, AI2, AI3, AI5, AI6, 

DS3, DS4, DS5, DS9, DS10 
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Manajemen dan 

pengelolaan system 

PO11, AI4, AI6, DS3, DS4, 

DS5, DS9, DS10, DS11, 

DS12, DS13 

Budaya kerja PO7, AI6, DS7 

Kualitas layanan PO11, DS3, DS4, DS5, 

DS9, DS10, DS11, 

DS12,DS13 

Pada proses maping ini, satu Control 

Objectives/Detail Control Objectives dapat 

digunakan pada beberapa internal proses/CSF 

yang berbeda, mengikuti kebutuhan kontrol dari 

proses yang bersangkutan. 

2. Desain Kontrol.  

Desain kontrol didasarkan pada Control 

Objectives/Detail Control Objectives yang 

dihasilkan dari proses maping. Proses desain 

kontrol dilakukan dengan mengacu pada COBIT 

Control Practice sebagai panduan dasar namun 

desain kontrol diluar kerangka COBIT Control 

Practice juga memungkinkan jika dibutuhkan.  

Berikut adalah gambar langkah-langkah dalam 

penyusunan kontrol yang dibutuhkan untuk 

mengumpulkan data pada penelitian ini. 

 

Gambar 3. Proses Desain Kontrol[3,4] 

Sedangkan model kontrol yang digunakan dapat 

berupa checlist, daftar pertanyaan dsb.  

Proses desain kontrol juga disertai dengan 

penentuan data point, dimana ada proses 

penyesuaian antara kontrol yang ada serta dari 

mana data dapat diperoleh untuk kontrol yang 

bersangkutan.  

3. Pengumpulan Data 

Pengumpulan data dilakukan dengan mengacu 

pada kontrol dan data point yang sudah 

ditetapkan. Untuk memperoleh data yang 

diharapkan, ada beberapa teknik pengumpulan 

data yang dapat digunakan[6]: 

a. Review dokumentasi 

b. Interview 

c. Observasi  

d. Kuesioner 

Dari tahap ini nantinya akan diperoleh data-

data/bukti-bukti yang dibutuhkan untuk penilaian 

yang akan dilakukan. 

4. Maturity level Assessment.  

Penilaian terhadap maturity level dilakukan 

dengan menggunakan COBIT maturity model 

sebagai referensi dan penentuan maturity level 

didasarkan pada criteria yang dibutuhkan dalam 

maturity model dan kesesuaiannya denga yang 

diyaratkan dalam criteria maturity level.  

Penilaian maturity level yang digunakan dalan 

penelitian ini dapat dilihat pada gambar 4. 

 

Figure 4. Proses Penilaian Maturity Level [5] 

Sedangkan proses maturity level scoring dapat 

dilihat pada gambar 5. 

Gambar 5. Maturity Level Scoring 

Dalam maturity level scoring dan leveling (gambar 

5), level penilaian yang digunakan memiliki rentang 

dari 0 (no-issue) sampai 5 (optimized). Level 

penilaian yang digunakan ini ditentukan berdasarkan 

criteria yang dicapai oleh sebuah level untuk sebuah 

kategori JIKA HANYA semua sub-elemen dalam 

level tersebut secara penuh atau sebagai dicapai 

(diberi score 1 atau 0.5).  

Proses pengukuran yang dilakukan diatas baru 

menghasilkan maturity level pada masing-masing 

control objectives yang sesuai dengan masing-masing 

Weight Value Score Total Comment

●Security policy for DRM exist but not followed � M 1 0.5 0.5

Security policy for DRM exist but insufficient for 

securing the document in the DMS (70% document 

in COPI is in high risk)

●Procedure for integrity/authenticity checking exist M 1 0 0 Procedure for integrity/authenticity checking not exist

●Procedure for securing disposed sensitive 

information exist
M 1 0 0

Procedure or policy for securing disposed sensitive 
information like files and documents not developed 

yet by management 

●Appropriate training about security awareness to all 

relevant personnel
M 1 0 0

Training about security awareness has conducted 

but not to all relevant personnel 

●Logical and physical access control define and 

implemented but not for all sensitive area � M 1 1 1

Logical and physical access conrol has implemented 

by organization but the implementation not cover all 

sensitives area yet

●Security system performance vs. plan is reviewed , 

but not periodic 
M 1 0 0

Performance review of security system hasn't 

conducted yet

●Security policy for DRM being developed or 
insufficient � M 1 0.5 0.5

Security policy for DRM exist but insufficient for 
securing the document in the DMS (70% document 

in COPI is in high risk)

●Procedure for integrity/authenticity checking being 

developed � M 1 1 1 Criteria met this level

●Procedure for securing disposed sensitive 

information being developed � M 1 1 1 Criteria met this level

●Training about security awareness to personnel exist 

but not to all relevant personel � M 1 1 1 Criteria met this level

●There's no security policy in DRM � M 1 1 1 Criteria met or exceeded.

●There's no formal procedure for integrity/authenticity 

checking � M 1 1 1 Criteria met or exceeded.

●Procedure for securing disposed sensitive 
information not exist � M 1 0.5 0.5

Procedure for securing disposed information have 
been developed in COPI

Count Total Possible % 4/100 Level Met? = 1 = Yes

Level 2 6 1.5 6 25% 6 0

Level 1 4 3.5 4 88% 21 1

Level 0 3 2.5 3 83% 20 1

SCORE 47% Level 1
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0

1

2

3

Leadership Commitment and Support

Human resource

Funding

Infrastructure, HW and SWSystem management

Culture of w ork

Service quality

Overall Average Score

Industry Average Score

Size Average Score

Geography Average Score

Indonesian University Average Score

internal proses berdasarkan hasil pemetaan (tabel 1). 

Maturity level dari masing-masing internal proses 

dihitung dengan perhitungan berikut: 

n

MLxco

MLx

n

n

n∑
=

=
1

 

MLx   = Maturity Level internal process x, 

sedangkan x =1, 2… 

nMLxco = Maturity level masing-masing 

control objectives dari internal process 

Hasil dari tahap ini dapat dibandingkan dengan 

maturity level implementasi IT di organisasi lain[1]. 

Perbandingan dilakukan untuk memberikan 

gambaran posisi relative dari implementasi IT dalam 

organisasi. 

 

3 HASIL PENGUKURAN 

Pengukuran yang dilakukan pada penelitian ini 

dilakukan dengan menggunakan pendekatan yang 

dirancang sebelumnya serta dilakukan pada beberapa 

universitas yang berada di pulau Jawa dan Sumatera. 

Dimana metode pengumpulan data yang digunakan 

adalah melalui checklist dan interview. Hasil dari 

pengukuran yang dilakukan adalah maturity level 

yang menggambarkan sistem IT organisasi dalam 

maturity level COBIT. 

Hasil dari proses pengukuran dapat dilihat pada 

gambar 6. 

Figure 6. Measurement results 

 

Dari pengukuran yang dilakukan, ada beberapa point 

penting yang dapat diambil dari hasil yang diperoleh. 

3.1 Komitmen dan Dukungan Manajemen  

Pada dasarnya, pembangunan system IT yang baik 

harus datang dari komitmen manajemen untuk 

mencapainya. Dari penelitian yang dilakukan, 

manajemen komitmen untuk mengelola IT dengan 

baik sudah ada, namun komitmen tersebut hanya 

sebatas kesadaran dan juga tidak didukung oleh 

realisasi serta kebijakan yang memadai. 

3.2 Sumberdaya Manusia 

Sebagai Negara berkembang, masalah sumber daya 

manusia masih menjadi hal yang penting untuk 

diperhatikan, meskipun di perguruan tinggi. Dari 

hasil penelitian, dapat disimpulkan pengelolaan IT 

belum didukung dengan pengelolaan sumber daya 

manusia yang baik, termasuk masalah pembagian 

wewenang dan tanggung jawab, proses change 

management, training dan sebagainya. 

3.3 Pendanaan 

Selain masalah sumber daya manusia, masalah 

penting yang diperoleh dari penelitian ini adalah 

pendanaan pada pengelolaan IT. Dari review yang 

dilakukan dalam penelitian ini, maka dapat 

disimpulkan kalau belum ada proses pengelolaan 

biaya IT yang formal dan juga belum ada budget plan 

yang terkait dengan kebutuhan organisasi akan IT. 

Pendanaan terhadap IT dilakukan secara ”needed 

basis” dan bersifat “vendor driven” tanpa 

perencanaan yang jelas. 

3.4 Infrastruktur, HW dan SW 

Infrastruktur, hardware dan software berhubungan 

dengan kebutuhan organisasi dan feasibility-nya 

untuk diimplementasikan. Tapi dari penelitian ini, 

kebutuhan infrastruktur, hardware dan software 

masih bersifat ”vendor driven” serta tanpa 

perencanaan implementasi yang mengacu pada 

ITSP/ITMP organisasi, sehingga membuat 

implementasi IT belum sesuai dengan kebutuhan 

bisnis. 

3.5 Manajemen Sistem 

Kebanyakan pengelolaan system dilakukan secara 

ad-hoc dan tidak didukung dengan prosedur standar 

yang disertai dengan “segregation of duties” yang 

digunakan secara menyeluruh dalam organisasi. 

Pengelolaan system masih terpisah untuk masing-

masing sub-organisasi meskipun sudah ada organisasi 

yang menangani manajemen IT, namun tanggung 

jawan dan otoritasnya belum dipatuhi. 

3.6 Budaya Kerja  

Budaya kerja berhubungan dengan sumber daya 

manusia yang ada. Untuk memaksimalkan peranan IT 
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bagi organisasi, maka perubahan budayadari system 

manual ke system terintegrasi diperlukan. Dari 

penelitian yang dilakukan, proses perubahan budaya 

kerja dalam organisasi masih belum optimal, dimana 

belum ada perenacaan training/workshop yang jelas, 

penilaian kinerja karyawan dan sebagainya. 

3.7 Kualitas Layanan 

Kualitas layanan yang disediakan berhubungan 

dengan sumber daya manusia serta infrastruktur 

pendukung system. Kualitas layanan yang diberikan 

oleh system IT pada perguruan tinggi di Indonesia 

masih berada dibawah kebutuhan user. Kualitas 

layanan sering terganggu karena kegagalan 

perangkat, error serta penanganannya yang lambat 

dan sebagainya. 

Dari hasil pengukuran dan pembandingan yang 

dilakukan terhadap organisasi lain, manajemen dapat 

melihat dimana posisi system IT mereka serta dimana 

posisi organisasi sejenis lainnya [1]. Dengan melihat 

hasil ini, manajaman dapat mengambil langkah yang 

diperlukan untuk mengurangi gap yang ada untuk 

pencapaian sistem IT yang lebih baik. 

4 KESIMPULAN 

Dari penelitian yang dilakukan, ada beberapa point 

penting yang dapat disimpulkan: 

1. Metode Pengukuran.  

• Metode pengukuran yang dihasilkan 

berhubungan dengan dukungan IT dalam 

mencapai tujuan organisasi dan juga proses 

internal untuk mendukung pencapaian tujuan 

IT. 

• Identifikasi proses internal yang disebut diatas 

dilakukan melalui penelitian terhadap 

kebutuhan organisasi dalam mencapai tujuan 

IT. 

• Pemetaan proses internal organisasi ke dalam 

COBIT dilakukan melalui “professional 

judgment” dan juga identifikasi terhadap 

relevansi antara proses internal dengan control 

objectives COBIT. 

• Proses perancangan control pada pengukuran 

ini menggunakan COBIT sebagai reference. 

2. Dari pengukuran yang dilakukan di perguruan 

tinggi di Indonesia, ada beberapa point penting 

yang diperoleh: 

• Proses internal yang perlu diperhatikan oleh 

organisasi dalam mengoptimalkan IT dalam 

mendukung organisasi untuk mencapai 

tujuannya adalah: 

a. Komitmen dan Dukungan Manajemen 

b. Sumberdaya Manusia  

c. Pendanaan 

d. Infrastruktur, HW dan SW 

e. Manajemen Sistem 

f. Budaya Kerja  

g. Kualitas Layanan 

• Dari hasil pengukuran dan pembandingan 

yang dilakukan terhadap organisasi sejenis, 

maka dapat dilihat kalau nilai maturity level 

dari implementasi IT pada perguruan tinggi di 

Indonesai masih berada dibawah rata-rata nilai 

dari organisasi sejenis lainnya di negara lain. 
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Abstract: The lack of consideration of organizational issues in systems development can lead to 
project failure.  A review of the literature and a pre-test survey suggested classifying 
organizational issues into five categories and examining how these are considered by IT 
managers.  A postal survey with responses from 64 senior IT specialists over a cross section of 
industry and commerce showed that there is a general awareness of the importance of 
organizational issues but there was little consensus on how they should be addressed in the 
development process.  These IT managers were consistent in spending most effort on the 
issues perceived as most important from the list of fourteen issues provided, but there was 
considerable variation in which specific issues they rated most important.  In general those 
organizational issues with a “technical” aspect were given more prominence than those which 
are less tangible, but which may be more critical to a system’s success. 
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1 Introduction 
A large number of information systems development projects can be classified as either 
complete or partial failures because they are either excessively over budget, months or years 
behind schedule, of poor quality, or simply because they fail adequately to satisfy users' 
requirements. Lyytinen and Hirschiem (1987), for example suggest that more than 50 % of all 
systems development projects end in failure. There is also a growing realisation that it is often 
organizational issues that play a substantial, if not the primary, role in systems failure. (Long 
1987; Kearney 1990; Buchanan 1991; Ewusi-Mensah & Przasnyski 1994). Concern with the 
relationship between information systems failure and organizational issues, is not, however, a 
new phenomena. Indeed, Henry Lucas (1975) wrote a classic book over twenty years ago, in 
which he suggested that: ‘the primary cause for systems’ failure has been organizational 
behaviour problems’. 

 

There is, however, much recent evidence to suggest that organizational issues are now more 
important, and will become even more critical, to the successful development and 
implementation of information systems than they were when Henry Lucas wrote his book. In the 
past, information systems were primarily developed to support the administrative functions within 
a business, by simply automating existing processes, without fundamentally changing the way in 
which an organization operated. The current trend is for information systems which are highly 
integrated, have the ability to disseminate information throughout an organization, and often 
have become an integral part of the actual product or service provided. Such trends, which have 
been summarised in Table 1, mean that new information systems may bring about changes to 
an organization’s structure, working practices, and culture, all of which in turn alter the way in 
which power and resources are distributed throughout the organization (Stowell & Weat 1994). 

 

Table 1 about here 

 

Given the recognised importance of organizational issues, it is somewhat surprising that much 
recent research suggests that systems development is still ‘technology led’ (Clegg et al, 1994), 
that organizational issues are not properly addressed during the systems development process 
(Clegg et al, 1996), and that much of the responsibility for this rests with IT professionals 
(Hornby et al 1992). There is, therefore, a pressing need for a broad programme of research to 
consider why organizational issues are given a low priority, and how their treatment can best be 
accommodated. An important introductory part of this research is to ascertain the current views 
of senior IT professionals with regard to the treatment and importance of organizational issues, 
both at a macro and a micro level. The overall aim, therefore, of this paper is to investigate the 
attitudes of senior IT managers to the importance, and treatment, of organizational issues in 
general, and then to build a picture of how they address specific organizational issues, and 
which of these issues they consider to be of the most importance. To achieve this it is necessary 
to build a comprehensive list of specific issues, arranged in a clear framework. 
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2 A Review of the Treatment of Organizational Issues in the 
Systems Development Process 
 

At the out-set it is necessary to clarify what is meant by the term organizational issues, and then 
to review how such issues are typically treated in the systems development process.  

 

2.1 What are Organizational Issues? 

Although there have been few attempts to explicitly define the term organizational issue, they 
have been defined by providing examples of ‘non-technical’ aspects of systems development, 
which might have an impact on the ultimate success or failure of a project (Eason 1988; Clegg et 
al 1989). An analysis of these examples suggests that it is possible to categorise them into three 
groups, as follows: 

 

2.1.1 Organizational Alignment 

The term ‘organizational validity’ originally coined by Schultz and Slevin (1975), is typically used 
to describe ‘the degree of fit or match between a system and its organizational context’ (Markus 
& Robey 1983). For the purposes of this analysis, however, the term ‘organizational alignment’ is 
preferred, as this better expresses the concept of fitting or matching. It is now recognised that 
this closeness of fit between a system and its host organization is critical to its ultimate success 
(Walton 1989; Pliskin et al 1993). 

 

There are three main proactive ways in which a new system can be successfully aligned with its 
organizational environment. Firstly, systems development projects can be used as an explicit 
mechanism for re-designing an organization (Buchanan 1991). Alternatively, the existing 
organizational context can be viewed as fixed, and the new system can be designed, so that it 
matches its host organizational environment (Pliskin et al 1993). Finally, it can be recognised 
that there must be ‘organizational adaptation to complement technological change’ (Willcocks & 
Griffiths 1994), and, therefore, the level of organizational adaptation necessary must be 
evaluated in advance to ensure that it is desirable. The alternative to proactive alignment, is 
reactive alignment, whereby a system is developed and implemented, and the organizational 
implications are only considered, as and when problems arise. Unfortunately there is much 
evidence to suggest that most organizations, by default, opt for reactive alignment (Hornby et al 
1992). 

 

Several authors identify specific issues which should be considered when aligning a system. For 
example, the proposed system needs to be correctly aligned with the organizational structure 
(Markus & Robey 1983; Harrington 1991; Raymond et al 1995), the power distribution (Markus 
& Robey 1983; Sauer 1993; Thach & Woodman 1994), and the organizational culture (Walton 
1989; Romm et al 1991; Pliskin et al 1993). It is clear from this literature that whilst a system can 
be designed to make a significant positive contribution to an organization’s performance, if it is 
not carefully aligned with the structure, culture and power distribution of the host organization, 
then it may fail to deliver its full potential, or may even fail completely. 
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2.1.2 Organizational contribution 

 This group of issues includes those which focus on ensuring that a proposed system will make 
a positive contribution to the performance of some part the organization. This might be in the 
form of contributing to the financial, marketing, or operational performance of the organization. 
Probably the most widely accepted way of doing this is through pro-active user involvement 
(Wong & Tate 1994). Indeed, Hornby et al (1992), have reported that many systems analysts 
assume that by involving end-users they will have implicitly addressed all the ‘salient 
organizational and human issues’. It is possible, however, to build a system which is based upon 
some user wants, but which fails to make a positive contribution to the overall performance of 
the organization. 

 

There are other issues which need to be addressed to ensure that a system makes a positive 
contribution to the organization as a whole. The creation of an information systems strategy to 
guide the selection and development of all information systems, is a key factor (Earl 1989; 
Coombs 1992). The completion of a thorough cost-benefit analysis (Flatten et al 1991), should 
also help to ensure that the development effort is focused upon overall contribution to the 
organization’s objectives. Furthermore, as information systems operate in a highly dynamic 
environment, it is also important that the future needs of the organization (Crowe et al, 1996) 
are explicitly considered. It can be seen that this group covers issues which are more concerned 
with the purpose of the system, and how that might contribute to organizational objectives, rather 
than being concerned with the environment in which the system might operate. 

 

2.1.3 Human Issues 

Human aspects of systems development are those issues which have a discernible impact on 
the working practices and environment of individual employees, who directly interact with the 
system. For example, issues such as user training, user motivation, human-computer 
interface design, and ergonomic and health & safety issues, can all be considered human in 
orientation. Furthermore, the re-design of jobs (Eason 1988), in parallel with the design of a 
new system is also of great importance to its ultimate success. Although it is possible to 
differentiate between such human issues, which relate to those individuals who have primary 
operational interaction with the system, and wider organizational issues which have an impact 
on the organization as a whole, some researchers (e.g.: Horny et al 1992; Lucas 1975) choose 
not to differentiate between them because they are all ‘non-technical’ in orientation. 

 

It should be noted that, most of the issues listed under ‘organizational contribution’ and ‘human 
issues’ have both organizational and technical dimensions. For example, user’s participation in 
systems development is encouraged, at least in part, so that an appropriate technical 
specification can be derived; an information systems strategy is created to ensure that the 
technical infrastructure will support systems which provide a measurable organizational 
contribution; and user interface design is concerned with both technical and human aspects of 
human-computer interaction. 
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2.2 The Treatment of Organizational Issues in Systems Development Projects 

The vast majority of literature published on systems development focuses on either development 
methodologies, or technical aspects of design. The breadth and depth of this body of literature is 
vast, and by comparison the literature on the treatment of organizational issues within systems 
development is trivial. This is probably because the systems development process is still 
primarily a technology driven process. As Hornby et al (1992) note: 

 

‘Systems analysts do not claim to have knowledge of organizational issues in IT 
systems, and there is no evidence that they are encouraged or rewarded for 
considering such issues. In fact it could be said that the reward and control systems 
within which analysts work actively encourage them not to consider them. They are 
rewarded in the main, for delivering technically sound systems on time and to 
budget’.  

 

The technical orientation of systems development methodologies has typically resulted in the 
approach of implementing a system, and then trying to cope with its organizational implications. 

Eason(1988) notes that the structured design methods, which are the most common means of 
developing complex, centralised systems, are typically devoted to the design of technical 
systems and give very little recognition, or support, to the range of organizational changes that 
also have to be designed. The work of Hornby et al (1992) supports this finding, in that common 
development methodologies, such as SSADM, Yourdon and SSAD, are still very technically 
orientated, with their treatment of organizational issues going very little beyond urging 
developers to involve the users. Methodologies, which are more organizationally focused, such 
as ETHICS (Mumford 1986), are, by comparison, rarely used by IT professionals. There is also 
the recognition that the aspects of development, which have been categorised as ‘organizational 
alignment’ issues in this paper, are, in particular, largely ignored by systems analysts, as they 
are considered to be the responsibility of the user management representatives. 

 

Having reviewed some of the most important contributions to the literature in this area, it is 
possible to establish how the research presented in this paper, builds upon what has gone 
before. Much of the cited literature examines the importance, and treatment, of a single 
organizational issue, for example organizational power (Bloomfield & Coombs, 1992); 
organizational culture (Walton, 1989) or information systems strategy (Earl, 1989). This paper, 
however, seeks to review and compare the relative importance, and treatment of a wide range of 
different specific organizational issues. Hornby et al (1992), have already explored how 
organizational issues are addressed in a range of systems development methodologies. 
However, it may very well be that organizational issues are treated outside the confines of such 
methods. This research, therefore, builds on the work of Hornby et al (1992) in that it 
investigates how organizational issues are treated in practice, irrespective of the development 
methodology used, and it also compares their relative importance to the ultimate success and 
failure of systems development projects.  
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3 Research Method 
To canvass the views and perceptions of a wide range of IT managers a draft questionnaire was 
developed, based primarily on issues that had been highlighted as being of interest from the 
literature review. This draft questionnaire was then thoroughly validated by pre-testing it with IT 
managers from five local companies who were willing both to complete it, and then discuss in 
detail its content, and ease of use. These managers all agreed that the research was of great 
interest and highly important in that organizational issues were generally under-valued. They 
were largely happy with the content of the questionnaire, although a number of interesting 
enhancements were suggested and ultimately accepted.  Their major concern was, however, 
how willing IT professionals would be to answer questions on a subject were their performance 
has been generally poor to date, and there was, consequently, concern about likely response 
rates.  

 

Because of these concerns it was decided to target only those organizations where there were 
either existing research, or teaching contacts, and therefore the chances of ensuring a positive 
response were greater. The questionnaire was ultimately distributed to 88 named IT 
professionals in a wide variety of UK-based organizations. It was recognised that only those 
individuals who had a high degree of managerial responsibility for systems development projects 
would be able to comment knowledgeably about the importance of organizational issues, and 
the extent to which they are routinely addressed. The questionnaire was, therefore only targeted 
at IT Directors, IT Managers, or Senior Systems Analysts / Consultants who had had direct 
project management responsibility. A total of 64 valid responses were received from the original 
sample of 88; a highly encouraging response rate of 73%. Five of the respondents were 
interviewed in addition to completing the questionnaire, which allowed the researchers to probe 
the thinking behind some the answers to specific questions.  Although this survey guaranteed 
confidentiality, respondents were offered the opportunity to receive a copy of the results if they 
were interested. Indeed over 80% of the respondents requested a copy of the results, which 
indicates, at least in part, the high degree of interest in this topic. 

 

The Questionnaire was divided into four sections each of which is briefly discussed below: 

 

3.1 Background Information 

Respondents were asked to categorise their organization in terms of size and the sector in which 
it primarily operates, using standard classifications. Furthermore, the respondents were asked to 
indicate the level to which their organizations designed and coded their systems in-house, as 
opposed to using packages or external consultants. 

 

3.2 Organizational Issues in the Systems Development Process 

This section of the survey focused on two critical issues. Firstly, the relative importance of 
organizational issues, in comparison to technical issues, when determining the ultimate success 
or failure of a systems development project, and secondly the method by which organizational 
issues are addressed during such a project. 
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Respondents were offered a number of alternatives when answering these two questions. The 
precise wording of the alternatives offered is almost identical to the phrases shown on the left-
hand side in Figures 1 and 2. Clearly in answering such questions it is important that the 
respondents have a shared understanding of the difference between organizational and 
technical issues. To focus respondents minds on the meaning of the term organizational issue, 
prior to answering these questions, several examples of such issues were presented in the 
covering letter. Furthermore, the next question listed 14 such issues in a full page spread which 
was clearly visible when answering the earlier questions. In pre-testing all the respondents 
seemed confident that there was a common understanding of what was meant by these issues. 
Similarly, there was some concern over the words ‘explicit’ and ‘implicit’, with respect to the 
treatment of organizational issues, in the second of these questions. These were not defined in 
the questionnaire but the pre-test group had no difficulty in associating ‘explicit’ with situations 
where there was a formal procedure for treating issues, and ’implicit’ with instances where this 
was not the case. 

 

3.3 Organizational Issues Addressed 

The primary aims of the third section of the survey, were twofold:  

(1) To assess the relative importance of different types of organizational issues, in order to 
identify which specific issues, or groups of issues, are perceived by IT managers to be of 
most importance to the ultimate success or failure of a systems development project, in the 
perception of IT managers. 

(2) To explore how regularly specific organizational issues are addressed and to identify which 
are the most commonly considered. 

To achieve these two objectives a representative, but not definitive, list of organizational issues 
was included in the survey. In order to encourage responses, the main body of the questionnaire 
was deliberately limited to two sides of A4, so that its completion would not be too time 
consuming, or taxing. Consequently, the list of organizational issues was restricted (14 issues 
were ultimately selected), and some issues had to be omitted. In determining which issues to 
include or exclude, care was taken to ensure a representative sample of issues was included 
from each of the three categories defined in Section 2. Furthermore, it was concluded that it 
would be of more interest to include those issues which have received less detailed analysis in 
the past. Consequently, issues such as user participation (Wong & Tate 1994), and human-
computer interface design (Preece 1994) which have, at least in part, a strong organizational 
orientation, were deliberately excluded from this section, because their importance, and 
treatment, has been discussed in great detail elsewhere. 

 

For each of the fourteen organizational issues in the list, the respondents were asked to 
consider the frequency to which each is routinely addressed during the systems development 
project (ranging from never to always), and also to consider the relative importance of each 
specific organizational issue (ranging from 1 to 14). The list of fourteen organizational issues 
ultimately employed could be sub-divided into the following five major broad groupings (three 
already highlighted, plus two identified during the pre-test study): 
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(1)  Organizational Alignment: This section focused upon the extent to which a proposed 
system and its host organization were matched. Respondents were, therefore, asked 
whether the relationship between the proposed system and the organization’s culture, 
structure, and the distribution of power were considered.  

(2) Organizational Contribution: These questions related to the extent to which a proposed 
system will make a significant positive contribution to the organization. Consequently, 
respondents were asked about the use of cost-benefit analysis and information systems 
strategies, the prioritization of work to reflect organizational requirements, and to what 
extent the future needs of the organization were considered.  

(3) Human Issues: This section focused upon whether human issues are adequately addressed 
in the systems development process. The questions, therefore related to issues such as 
training, job re-design and the consideration of health and safety / ergonomic factors. 
IT managers who participated in the pre-test study also stressed the importance of wider 
management and user education, and the need to take account of user motivation. 

(4) Transitional Issues: These questions related to whether practical transitional issues were 
addressed, focusing upon issues such as the timing of an implementation, and the 
perceived level of organizational disruption. It is interesting to note, that whilst the issues 
contained in the previous three sections had been referenced in the published literature, the 
issues in this section were suggested by the IT managers who participated in the pre-test 
survey. It can be argued that these transitional issues may have a significant impact on the 
long term success or failure of the system. 

(5) Systems Integration: A further issue raised during the pre-test testing of the survey, was the 
level of systems integration which has a direct impact on the dissemination, and utilisation, 
of information, within an organization. Although the importance of systems integration, and 
the implementation of enterprise-wide infrastructures has been highlighted (Price 
Waterhouse, 1996), it has not previously been cited as an example of an organizational 
issue. The Respondents were, therefore, asked to consider the importance of reviewing 
how the proposed system would interface to existing systems, and the extent to which 
this issue was addressed during systems development projects. 

 

The groupings are not intended to represent discrete, and clearly bounded groups, as there is 
often some degree of overlap between the groups. Rather the groupings are intended to 
summarise the most important characteristics of organizational issues. It should be noted that 
these five broad groupings were not highlighted on the questionnaire, as it was thought that this 
might unduly influence the results. 

 

A third, but less explicit, aim of this section of the questionnaire was to learn more about the 
issues which could be considered to be organizational in orientation, by identifying issues which 
have not been not, as yet, been highlighted in the literature. It was envisaged that this could best 
be achieved by inviting respondents to add other organizational issues, that they believed to be 
of importance, to the original list of fourteen issues. 
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3.4 Additional Comments  

In addition to the three major sections, discussed above, respondents were invited to use a 
comments section, to make additional observations.  

 

4 Research Results 
The results are discussed using the four major sections that were used to structure the 
questionnaire. 

 

4.1 Background Information 

The questionnaire was targeted primarily at large organizations, as it was believed that these 
would have greater experience of developing and implementing a wide range of systems, and 
also it was envisaged that they would be more likely to have formalised procedures for dealing 
with organizational issues. Of the 64 responses received 39 (61%) emanated from large 
organizations (>2000 employees), whilst the remaining 25 responses were fairly evenly 
distributed from the other three categories. The majority of the respondents came from the 
service sector (53%), whilst a further 38% came from manufacturing, with the remaining 9% 
coming from the retailing sector. Furthermore, by analysing the affiliations of respondents, it was 
also possible to establish that the majority of the responses originated from high profile and 
highly influential organizations, whose views and experiences should be of great interest to 
others. 

 

When it came to the proportion of information systems designed and coded in-house, as 
opposed to being substantially based upon off-the-shelf, applications packages, or developed by 
external consultants, the respondents were asked to choose between one of six percentages.  It 
is interesting to note that there were only a small number of outliers, that is organizations who 
develop either all, or none, of their own systems in house.  The remainder of the sample was 
fairly evenly split between those organizations which develop either 20%, 40%, 60%, or 80%, in-
house. 

 

4.2 Organizational Issues in the Systems Development Process 

The question relating to the relative importance of organizational and technical issues when it 
comes to determining the ultimate success or failure of an information systems development 
project, probably throws up the most interesting result of this research. Whilst most previous 
research has indicated that the focus of most systems development methodologies is technical 
issues at the expense of organizational issues, a significant majority of the respondents to this 
research felt that organizational issues are more important than technical issues. The majority of 
the respondents (56%) perceived that organizational issues were either ‘the most important 
issue’, or ‘more important than technical issues’, whilst a further 38% felt that organizational 
issues were ‘of equal important to technical issues’. Therefore, only 6% of the respondents 
considered technical issues to be of more importance to organizational issues. Figure 1 provides 
a full break down of the responses to this question.  
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There are, perhaps, two interpretations of these findings. Respondents may either honestly 
believe that organizational issues are more important than technical issues, or they may state 
that organizational issues are more important because they feel that this is the right answer. 
Either way, these results demonstrate that IT professionals are now fully aware of the growing 
importance organizational issues. At least, this indicates that failures to consider organizational 
issues are not because IT professionals are unaware of their significance. 

 

Figure 1 about here 

 

The approaches organizations take to addressing organizational issues vary greatly as can be 
seen from Figure 2. A surprisingly high proportion of the responding organizations, treat 
organizational issues explicitly (42%), either during the feasibility study, requirements analysis or 
through an independent organizational impact analysis. Those organizations which treat 
organizational issues implicitly is still, however, the largest single category with 49% of the 
responses. There must be some concern that the ‘implicit’ treatment of organizational issues, 
may fail to adequately address many important issues. Finally, a worrying 9% of the responding 
organizations rarely consider such issues at all. 

 

Figure 2 about here 

 

4.3 Organizational Issues Addressed 

The analysis of the data, relating to the relative importance, and frequency of consideration, for 
specific organizational issues, produced some highly interesting results. For each of the fourteen 
issues, an average ‘frequency of use’ rating has been calculated, by using a scale of 1 to 5 
(where 5 = always and 1 = never). The fourteen issues were then arranged in descending order 
of this average, as shown in Table 2, which also records the minimum and maximum values for 
each issue, and the number of responses in the categories 1&2, and 4&5. As can be seen from 
Table 2, there is a clear ranking of these issues which indicates a high degree of variation when 
it comes to the proportion of systems development projects in which each issue is addressed. 
Some issues, for example ‘the need to consider systems interfaces’ are nearly always 
addressed, whilst others, such as evaluating of the impact of a system on ‘the distribution of 
power’ are rarely explicitly considered. The explanation for this might very well be that IT 
professionals concentrate on those issues that they feel best equipped to deal with, and which 
are least politically sensitive. 

 

Table 2 about here 

 

Similarly, an average ‘importance of issue’ rating was calculated using a scale of 1 to 14 (where 
1 = most important, 14 = least important). Again the fourteen issues were arranged in 
descending order of this average, as shown in Table 3, which also shows the minimum and 
maximum values for each issue, and the number of responses in the categories 1-5, and 11-14. 
From Table 3, it can be seen that there is a clear ranking at either end of the spectrum, but some 
bunching of those issues in the intermediate ranks. The need to undertake a cost-benefit 
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analysis is widely regarded as being of importance, whilst the need to evaluate a systems impact 
on the distribution of power is perceived to be of far less importance. It is, however, interesting to 
note from the results that whilst there are some discernible trends in the data, there is also a 
high degree of variability in peoples views and experiences. For example, the minimum and 
maximum values for the relative importance of specific issues, covers the full range of values in 
all but a few instances. 

 

Table 3 about here 

 

The results relating to organizational issues addressed, and the frequency with which each is 
addressed, have also been presented together in Figure 3. Each of the ‘importance of issue’ 
ratings has then been converted using an appropriate transformation function, so that the value 
is translated from a 1 to 14 scale to a scale of 1 to 5. This allows the average values for both 
‘frequency of use’ and ‘ importance of issue’ to be shown on the same graph and their values to 
be directly compared, so that the degree of correlation between the two results can be visually 
assessed. 

 

Figure 3 about here 

 

It is possible to make some general comments with regard to the results presented in Figure 3. 
Firstly, there is a high degree of correlation between the relative level of importance of an issue, 
and the frequency with which it is considered, which indicates that effort is being expended in 
those area which are considered to be of most importance. Furthermore, it is interesting to note 
that whilst some issues, such as performing a cost-benefit analysis, are considered to be 
important and addressed in the vast majority of projects, others, in particular the distribution of 
power, are considered relatively unimportant, and are consequently rarely addressed. 

 

A more detailed review of these findings, presented in Figure 3, can best be achieved by 
returning to the five categories utilised in the previous section of this paper:  

(1) Organizational Alignment: The data clearly suggests that the ‘organizational alignment’ 
issues are generally perceived to be of least importance, and consequently infrequently 
addressed. This finding is of particular importance, because it is these issues, in particular, 
which are increasingly being cited (Markus & Robey 1983; Pliskin et al 1993) as an 
important contributory factor to systems development failures. 

(2) Organizational Contribution: With regard to the relative importance of organizational issues, 
it is interesting to note that those classified as ‘organizational contribution’ issues, are 
clearly considered to be of the greatest importance to the successful development of 
information systems. Consequently, it is also these issues which are most frequently 
addressed in systems development projects. The fact that cost benefit analysis attains the 
highest overall importance rating is, however, disturbing as it has often been criticised for 
being an imprecise and often inadequate technique (Willcocks 1990; Lincoln & Shorrock 
1990). 
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(3) Human Issues: The human issues are generally to be found occupying the middle ground. 
Training / education, in particular, is considered to be of some importance, whilst health & 
safety / ergonomic considerations are generally considered to be of far less importance. 

(4) Transitional Issues: The transitional issues are also generally to be found occupying the 
middle ground. Their relative importance is of much interest, in that they are a set of issues 
which have, hitherto, received little attention. Both the timing of implementation, and to a 
lesser extent the level organizational disruption, are considered to be of some importance. 

(5) Systems Integration: The data with regard to the need for considering interfaces is of 
intriguing because of its apparent inconsistency. Whilst it is perceived to be of relatively little 
importance, systems interfaces are almost always considered. This may very well be 
because most developers, only consider them at a technical level (i.e. is there any existing 
data that can be easily captured), rather than considering their broader organizational 
implications. 

 

Many respondents accepted the opportunity to add organizational issues which they felt to be of 
importance, but which had not been explicitly cited in the questionnaire. Of the many additional 
issues suggested the following were the most common: assessing the system’s impact on 
external stakeholders, especially customers; the phasing out of existing systems; the role and 
composition of support groups; the need to conduct risk assessment; the need to take account 
of the strategic direction of the host organization; and the need to address organizational issues 
during the post-implementation review. It was interesting to note that only one respondent 
considered that user participation is an organizational issue which should have, therefore, been 
included in the original list. 

 

4.4 Additional Comments 

Many interesting findings came from the additional comments offered by the respondents. There 
were, for example, numerous comments noting that systems development is still primarily a 
technical exercise, but stressing the importance of organizational issues to a project’s ultimate 
success or failure. The following is a summary of some of the other more common and 
interesting comments: 

Organizational issues difficult to address: Despite their acknowledged importance 
organizational issues are generally difficult to address, because they are less tangible than 
technical issues. The ‘organizational alignment’ issues are, in particular, often difficult to 
explicitly address, because they are both highly unpredictable and politically sensitive. 
Furthermore, because of the tight time and cost constraints within which systems are 
developed, it is likely that organizational issues will be ignored in the interests of 
developing a technically sound system, on time and within budget. 

Dynamic environment: Information systems are operating in an increasingly dynamic 
environment. It is, therefore, essential that the organizational issues with regard to future 
needs are thoroughly examined, and translated into a technical specification, which is 
sufficiently flexible. One respondent, however, commented on the difficulty of getting users 
to focus on the broader issues rather than just their immediate needs. 
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The importance of organizational buy-in: Organizational issues are far better addressed 
in circumstances where the organization takes strong, and highly visible, ownership of the 
project, and guides the system development activity. 

Organizational issues and project size: The importance of organizational issues is 
directly proportional to the size of the project, and they are, therefore, often ignored on 
small PC-based applications. There is, however, a danger in this, as on respondent 
pointed out, in that numerous ‘PC by PC implementations’ can bring about drastic 
organizational changes without their impact being properly assessed. 

Organizational issues and packages: When purchasing ‘off the shelf’ packages, 
organizational issues are often more important, and more readily considered, in that the 
organization often has to adapt to the package, rather than the system being tailored to the 
organization. 

Organizational issues and Business Process Reengineering: Where IT developments 
are being initiated in conjunction with a re-engineering programme, organizational issues 
are often more thoroughly addressed, in that it is organizational change that is driving 
systems projects, and not the reverse. 

 

5 Conclusions 
This paper presents an initial, quantitative study of an important area of research, which has so 
far been rather neglected, in terms of surveys of practitioners. The results of this survey should 
be of general interest, in that they represent the views of a wide variety of IT professionals, with 
management responsibilities, who are generally employed by highly influential organizations. 

 

The finding that the vast majority of these respondents considered organizational issues to be of 
equal, if not greater importance to technical issues, supports the work of others who have 
approached this area from different perspectives. The significance of this finding, is however, 
heightened, in that it is IT professionals who are now recognising the importance of 
organizational issues; a group who have traditionally focused upon technical factors, at the 
expense of organizational ones. The fact that cost-benefit analysis, an often maligned technique, 
is rated as the most important organizational issue, perhaps provides an insight into this 
apparent anomaly. This might be because whilst at a global level, IT professionals recognise the 
importance of organizational issues, when it comes to addressing specific organizational issues, 
they haven’t got the necessary tools and techniques, and consequently they tend to concentrate 
on the more tangible organizational issues. 

 

The high degree of correlation between respective levels of importance, and frequency of 
consideration, for the fourteen specific organizational issues, is also generally reassuring. It 
probably suggests that the level of importance determines the frequency of treatment, although 
there is also the possibility that specific issues are perceived to be important because they are 
regularly considered. Furthermore, it is interesting to note that the ‘organizational alignment’ 
issues, which are the most commonly cited, and the most obviously organizational in orientation, 
should be generally rated as the least important, and the least considered, by practitioners. This 
is very probably because they are the least tangible of all of the organizational issues, they will 
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generally be outside the realm of expertise of the majority of IT professionals, and they can be 
extremely politically sensitive. Since many writers now argue that these are the most critical 
issues relating to a system’s success, it is very important for future research to establish if these 
are the reasons, or if there is some other explanation. 

 

Whilst the identification of a definitive list of organizational issues, was not one of the primary 
aims of this research, the following points emerged:  

 IT managers are widening their views to include organizational issues, such as assessing the 
needs of external stakeholders, and the need to prioritize the systems development activity, 
so that effort is concentrated in those areas of greatest organizational importance.  

 The grouping of organizational issues into a number of broad categories, or headings, helped 
interpret the results, and appears to be a useful tool, even though the boundaries are not 
completely clear cut. In particular, the recognition that practical ‘transitional issues’, such as 
the timing of the implementation, the level of organizational disruption, and the de-
commissioning of the old system, have an organizational dimension is of interest.  

 In some cases the task of classifying an issue as either organizational and technical was 
difficult. This problem became particularly apparent with regard to the issue of identifying 
systems interfaces. It is likely that this is a technical issue which has organizational 
implications, rather than being an organizational issue in its own right.  

 Further research is needed to examine whether the groupings of organizational issues, 
proposed in this paper, can be developed into a more clear cut and robust framework. This 
will necessitate further clarification and verification of the distinction between organizational 
and technical issues. It can be argued that a strong theoretical framework of this kind is an 
essential pre-requisite before more practical work with regard to the treatment of 
organizational issues can be successfully tackled. 

 

This research confirms the increasing importance of organizational issues, and the need to 
explicitly address them in the systems development process. There is, however, much further 
research, in this area, which still needs to be undertaken, especially with regard to the 
specification and treatment of organizational issues. This should ultimately lead to the 
development of a new generation of tools, methods and strategies for the effective treatment of 
organizational issues, and to the introduction of more appropriate ways training of IT 
professionals in organizational aspects of design. 

 

In the short term, there is a need for further detailed study of what systems developers do and 
think. For example, this study found that some issues are given more attention than others, but it 
was not totally clear why this related to their perceived importance. Furthermore, work is needed 
to discover how these perceptions are formed and influenced, and how the link to the frequency 
of consideration operates. Such work may well need to examine what motivates systems 
developers to address certain issues in specific ways. It is also important to clarify precisely what 
systems developers do when they treat organizational issues ‘implicitly’, and the effectiveness of 
such attempts need evaluating. Of course, the effectiveness of different types of ‘explicit’ 
approaches to the treatment of these issues also need evaluating. This will require in-depth 
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studies, interviewing a cross section of systems developers, and possibly longitudinal studies 
tracing a series of systems development projects from conception through to operation. 
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Perspective  Historical  Current  Future 
Primary  Increased  Plus Improved Plus Strategic 
Benefits  Productivity  Decision-Making Benefits 
 
Focus   Automate   Seek   Completely 
   Existing  Process  Reengineer 
   Processes  Improvements Organization 
 
Scope  Stand-alone  Increased  High levels of 
   functional  integration  Integration 
   applications 
 
Environment Relatively  Increasingly  Highly  
   Stable   Dynamic  Dynamic 
 
Systems  Highly   Relatively   Increasingly  
Development  centralised  centralised  decentralised 
 
Information   Highly   Formal reports  Highly 
Provision  formalised  + ad hoc enquiries disseminated 
 
Organizational Moderate  Strong   Very strong 
Impact   impact   impact   impact 

Table 1: The Changing Nature of IT in Organizations 
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Organizational Issue     Ave Min Max 1 & 2 4 & 5 

Consider System’s Interfaces    4.3 2 5 4 54 

Undertake Cost-benefit Analysis    4.1 2 5 4 54 

Align with Information systems strategy   4.1 2 5 4 50 

Assess Training and education requirements  4.0 2 5 5 46 

Prioritize work to focus on critical areas   3.8 2 5 6 46 

Consider future needs of the organization  3.6 2 5 8 36 

Review timing of implementation    3.6 2 5 12 34 

Consider level of organizational disruption  3.4 2 5 15 29 

Re-design jobs to suit system    3.2 1 5 19 24 

Assess impact on organizational structure  3.0 1 5 24 21 

Assess the system’s impact on user motivation  2.9 1 5 25 17 

Consider health and safety / ergonomic issues  2.7 1 5 34 15 

Assess impact on organizational culture   2.6 1 5 33 16 

Evaluate the impact on the distribution of power 2.0 1 5 49 9 

Table2: The frequency with which organizational issues are addressed 



Organizational Issues in  14 February 1997 
Systems Development 

20

 

Organizational Issue Ave Min Max 1-5 11-14 

Undertake Cost-benefit Analysis 3.5 1 14 49 5 

Prioritize work to focus on critical areas 5.1 1 13 33 4 

Consider future needs of the organization 5.2 1 14 33 2 

Assess Training and education requirements 5.4 1 11 30 2 

Align with Information systems strategy 5.7 1 14 31 7 

Consider System’s Interfaces 6.0 1 13 28 8 

Re-design jobs to suit system 6.4 1 14 23 4 

Review timing of implementation 6.4 1 12 21 8 

Assess the system’s impact on user motivation 6.8 1 13 19 11 

Consider level of organizational disruption 7.6 1 14 13 14 

Assess impact on organizational structure 8.5 1 13 13 19 

Assess impact on organizational culture 9.4 1 14 12 30 

Consider health and safety / ergonomic issues 10.4 2 14 5 30 

Evaluate the impact on the distribution of power 11.7 3 14 7 40 

Table3: The relative importance of organizational issues 
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Bhagaskara/192420028 
Human Computer Interaction 

Pada paper "The Consideration of Organizational Issues during the Systems Development 
Process: An Empirical Analysis" membahas tentang kurangnya pertimbangan masalah 
organisasi dalam pengembangan sistem dapat menyebabkan kegagalan proyek. Berikut 
beberapa hal yang termasuk di dalam masalah organisasi: 

• Organizational Alignment merupakan tingkat kesesuaian antara sistem dan organisasi 
sangat berpengaruh penting bagi keberhasilan proyek. 

• Organizational contribution merupakan masalah yang berfokus pada memastikan 
bahwa sistem yang diusulkan akan memberikan kontribusi positif terhadap kinerja 
beberapa bagian organisasi. 

• Human issues merupakan isu-isu yang memiliki dampak nyata pada praktik kerja dan 
lingkungan karyawan individu, yang secara langsung berinteraksi dengan sistem. 

 
Sebuah tinjauan literatur dan survei pra-tes menyarankan mengklasifikasikan masalah 
organisasi ke dalam lima kategori dan memeriksa respon manager IT untuk setiap 
kategorinya. Berikut lima kategori masalah organisasi yang dimaksud: 

1. Organizational Alignment: Bagian ini berfokus pada sejauh mana sistem yang 
diusulkan dan organisasi inangnya disesuaikan. 

2. Organizational Contribution: Pertanyaan terkait dengan sejauh mana sistem yang 
diusulkan akan memberikan kontribusi positif yang signifikan bagi organisasi. 

3. Human Issues: Bagian ini berfokus pada apakah masalah manusia ditangani secara 
memadai dalam proses pengembangan sistem.  

4. Transitional Issues: Pertanyaan-pertanyaan ini terkait dengan apakah masalah transisi 
praktis ditangani, dengan fokus pada masalah seperti waktu pelaksanaan, dan tingkat 
gangguan organisasi yang dirasakan. 

5. Systems Integration: Masalah tingkat integrasi sistem yang berdampak langsung pada 
penyebaran, dan pemanfaatan, informasi, dalam suatu organisasi. 

Setelah melakukan survei dengan lima kategori diatas, didapat tanggapan dari 64 spesialis IT 
senior atas lintas sektor industri dan perdagangan menunjukkan bahwa ada kesadaran umum 
tentang pentingnya masalah organisasi tetapi ada sedikit kesulitan tentang bagaimana 
masalah organisasi ini harus ditangani dalam proses pengembangan. Beberapa kesulitannya 
adalah: 

• Sulit mengidentifikasi masalah organisasi 
• Lingkungan sistem informasi yang cepat dan sering berubah 
• Kurang dukungan organisasi 
• Ruang lingkup proyek 
• Perubahan proses bisnis. 

 
Penelitian ini menegaskan semakin pentingnya masalah organisasi dan kebutuhan untuk 
mengatasinya dalam proses pengembangan sistem. Namun, ada banyak penelitian lebih 
lanjut di bidang ini yang masih perlu dilakukan, terutama yang berkaitan dengan spesifikasi 
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dan perawatan masalah organisasi. Pada akhirnya harus mengarah pada pengembangan 
generasi baru alat, metode, dan strategi untuk penanganan efektif masalah-masalah 
organisasi, dan pada pengenalan cara-cara yang lebih tepat untuk pelatihan para profesional 
TI dalam aspek desain organisasi. 
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Abstract 

Software Engineers do not implement security as a continuing process in software development; they give it 

worth at the end of software development.  Security implementation is an essential on-going routine in each 

phase of the software development lifecycle. This quantitative type of research investigates the security factors 

in different phases of Software Development Life Cycle (SDLC) and evaluates them from the research 

community and software engineers. Results are analyzed by using a statistical tool (SPSS), and security rules are 

proposed in each step of SDLC to assist software engineers and research community.  

Keywords: Security in SDLC; Review of SDLC; Security Rules in Software Development. 

1. Introduction  

The use of Information Technology has been increased day by day in business organizations. E-Business is a 

worthy way to compete with other organizations. The customers want to access the running applications in their 

industry at any time and from anywhere [1]. To meet this vision, applications are created in such a way; as to 

incorporate the necessary capability of ease in access as well as escorting multiple functionalities. Developers 

develop the required applications with faster rate and value added functionalities to support ever increasing and 

changing business needs to satisfy management. Therefore, the aspect of security implementation in all the 

phases of SDLC cannot be excluded [2].A software development is an intricate process and it meets the success 

criteria, if its intended purpose is achieved on a given platform by ensuring its requirement of security factors. 

There is a captivating need to define how a Software can be ductile to different security flaws in distinctive 

environments [1]. There can be  many causes behind software security rifts, but most of the time, blame relies 

on intrusion of virus, denial of service and spam in email etc [3]. But if intense deep analysis is carried down, 

the fact undergo is a security breach that leads to defective, substandard and unreliable software which is 

vulnerable to virus and malicious attacks [4].  
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Conventional SDLC applications pay emphasis to security concerns in the phase of testing; resultantly flaws in 

the system remain uncovered till its proper execution and use [5] It is an obligatory need to put our maximum 

efforts for implementation of security measures in software’s each phase of Software Development Life Cycle 

(SDLC). A more secure, robust, reliable and free of virus-attacks software can be developed by focusing on 

security factors of SDLC that are discussed in this paper. 

Why developers omit security measures in software development? The reason is, they give less importance to 

security factors and focus on timely development and delivery of software. Because, for considering security 

features in SDLC it takes time and leads to project delays [6, 7].  

So, the designers themselves and instructed by Project managers, ignore the security features implementation 

[7]. However, the implementation of security features in SDLC will increase the software life as much from 

earlier and fulfills software’s non-functional requirement of reliability by providing protection of data against 

losses due to security black holes and virus attacks etc. [8]Anyway, if virus attack is encountered in software,  

the system should possess the capability to recover its loss components and formulate some mechanism to avoid 

such  kind of malicious attacks [3, 9]. 

Another group of researchers believe that security features have secondary importance; they consider it as a 

non-functional requirement, and like other non-functional requirements i-e. reliability and performance etc. it 

can be taken into consideration after the completion of development of software application[1, 10].  

But security features have some contrariness from others they must be subscribed at initial of the project 

requirements gathering and continues with all phases of SDLC till testing and maintenance [11].  

There is need to encourage people with such thinking that should lay stress on better understanding towards 

security policies, in the team from project manager to lower level developers to add security features at each 

level of SDLC to increase security.  

Security is the basic need of today’s software’s and it is not the factor that should be considered once. 

Implementation of security should be taken into consideration from the very initial stages of software 

development [4] It is a continuous process that is applicable to all stages of SDLC i-e.  

 Requirement, Design, Development, and Testing to deal with vulnerabilities and malicious attacks [12]. By 

adopting security policies, the system can be made robust to deal with uncertain situations in an adverse 

environment and another non-functional requirement i-e.   

Recoverability has roots in robust security [13]. A system is considered to be secure if its implementation is 

wholly correlated to its defined security policies [10, 14] Software is regarded as secure if data loss in any 

uncertain situation is recoverable and could be reported to deal with unusual situations[13, 15]. 

In this paper, the importance of security features has been discussed and deliberately taken into consideration 

and provided a review of existing literature to take security measures and polices from its initial stages and 
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continue them till the completion of development.  

Also, the state of the art measures are presented with respect to SDLC phases and a complete guideline is 

suggested for the development of resilient software’s that performs efficiently in even adverse environments.  

2. SDLC Security And Related Research 

2.1. SDLC Enlargement  

In the past, Developers focused on functionality related aspects of applications and intended to develop 

applications without following accurate and standardized engineering principles. 

 This was not a persuasive approach to develop large projects that need to be incorporated into significant 

engineering principles[16]. The main objectives of these principles are discussed below: 

• Well Formulated Requirement’s 

• Well Oriented Software Development life cycle 

• Well defined software development models 

The organizations from several years manage SDLC documentation properly and the typical SDLC is as follows 

Table 1: SDLC 

Function Description  
Conceptual Definition Understanding of proposed project and objectives  
Functional Requirements and specifications List of business requirements 
Technical Requirements and specifications Detailed description of technical requirements 
Design Formal detailed design of the program developed 
Coding Development phase 
Test The testing phase of working product 
Implementation Deployment of project 

The last phase maintenance is omitted from the table because during the maintenance the whole Software 

Development Life Cycle is repeated. The validation present in the first cycle is needed every time thereafter. 

2.2. Security Incorporation in SDLC 

Many researchers debate the importance of security factors in SDLC and result is the security features must be 

incorporated in each phase of SDLC. 

Reference [17] Proposed a tool for software security which includes four requirements. 1. Planner: that used in 

analyzing software security and to investigate and analyze errors. 2.  

Modeler: Framework demonstration 3. Prover: proficient thinking 4. Documenter: structural views and technical 

document editing. Reference [3] incorporate security in the following steps  
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Table 2: Different Security Rules 

Function Description 
Awareness Update existing knowledge by accruing new information  
Prevention It describes the security synchronization in software 
Accountability Maintains a log file for all the tasks  
Availability An unauthorized person cannot access information 
Integrity An unauthorized person cannot alter the information 
Availability The highly secure system should be available all the time 
Non-Repudiation The transaction cannot be denied by any third party 
Access Control Resources cannot be accessible without permission 
Accuracy All tasks should be performed with 100 % accuracy. 
Identification, 
Authentication 

An only authenticated person can be logged into the system. 

Authorization What a subject can do on the system 
Consistency All security features are consistent  
Assessment, Evaluation Continuous assessment and evaluation of all software processes is necessary 
Privacy Individuals should know what information is collected about them and for what 

purpose 
Flexibility Flexibility reduces the rigid boundaries of software processes  
Excellence Security is a factor of quality  
Unambiguity Detail about everything should be clear and persistent  
Fortification Processes used in software should be secured individually and in totality 
Auditability Auditability is to judge the security of software 
Error Classification Errors should be classified as per schema containing a set of security rules 
Interpretability All software’s must be secured by participating in any communication or 

transaction 

Security issues with respect to SDLC phases are discussed in Table 3: 

Table 3: Security In SDLC 

Function Description 
Requirement Elicit requirements from all stakeholders that are involved in the project directly or 

indirectly[18, 19] 
Adopt international standards that fit into your organization [1] 

Design Maintain a list of recommended software’s [2] 
External  review of the design [20] 

Implementation Follow secure coding checklist [21] 
Use language that is more immune [18] 
Train developers to develop defensible applications [18] 
Conduct secure code assessments [22] 

Testing Test plan and development plan for the next test[23] 
Security testing plan [24] 
Conduct penetration testing [25] 
Using statistical analysis tools [26] 
Define the acceptable level of vulnerabilities [1] 

 

3. Methodology 

This is a quantitative type of research in which data is collected regarding different rules about the Software 

Development Life Cycle in software (SPSS) from different resources of literature review discussed. Performed 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2018) Volume 46, No  1, pp 247-259 

 

251 
 

cleansing, made questionnaire, evaluation of questionnaire from the research community, combined results, and 

proposed rules to support research community and software engineers about security measures in SDLC. 

3.1. Data Collection  

Primarily, a collection of the rules is done that is presented in the literature review concerning security 

incorporation in different phases of SDLC. These rules are presented in Table 1,2,3[2-4, 27, 28] 

3.2. Data Cleansing 

Data cleansing is the process of removing irrelevant attributes from the data collected from the literature review. 

It eliminates all those extraneous values that cause no harm to the Software Development Life Cycle process. 

Researchers proposed research, only those security measures that affect the security concerns in SDLC are 3.3. 

presented in the questionnaire.  

3.3. Prepare Questionnaire  

After data cleansing step, a questionnaire is developed and is shown presented in Figure. This questionnaire put 

forth light on those security rules that are necessarily concerned with security factors with respect to all the 

phases of SDLC. Veritable and exact rules are depicted accompanying the true meaning of proposed rules is 

explained as well as their incorporation into the SDLC phases is explained thoroughly.  

3.4. Evaluation 

Evaluation (Online + Hardcopy) 

To evaluate this questionnaire, the following options were added to each question. 1. Strongly Agree 2. Agree 3. 

Neutral 4. Disagree.  The only one option as the answer could be selected by the respondents against each 

question with a restriction of answering all the questions.  

The gathered responses were collected through online google forms and through spreading hardcopy of these 

forms among the targeted respondents.  

This quantitative type data is accumulated from distinctive sources e.g. software houses, universities etc., as 

they are located in geographically distinct places.  

3.5. Analysis by SPSS 

 SPSS Statistical tool is utilized for analysis in this research[29]. The collected responses from different 

resources were inserted into the SPSS and graphs were generated and presented in the Results and Discussions 

section below. Rules Generation for Security in SDLC 

After doing this all research specify some rules presented in SDLC that have highest priority and likeness in 
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different software houses.  

These rules incorporate the highest security in SDLC that will make the software resilient to face security 

challenges from different intruders and attackers [29] 

Data Collection

Evaluation (Online + 
Hardcopy)

Analysis by SPSS

Make Rules for security 
in SDLC

Data Cleansing

Prepare 
Questionnaire 

 

Figure 1: Methodology 

4. Results and Discussions 

After deep analysis of questionnaire (online+ hard copy), it was unearthed that only 5% respondents disagreed, 

13% were just agreed, about 6% respondents were neutral, and approximately 70% of respondents strongly 

agreed in favor of the proposition that element of security shall be considered as the paramount factor in each 

phase of SDLC as shown in Figure 6. 

 

Figure 2: Requirement Phase Acceptance 
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Table 4: Security Incorporation in SDLC 

Phase  Rule Rule Description  

Requirement  Stakeholders 
identification  

Proper stakeholder’s identification incorporates security in the initial 
phase of requirement gathering. [3] 

Requirement 
Elicitation 

Elicit requirement from all stakeholders with respect to their authorities 
and responsibilities.[18] 

Remove Conflicts A conflict may arise in some requirements. Assess the respective 
stakeholder and priorities it on lower authority stakeholder. 

Stakeholders 
Satisfaction 

Satisfy stakeholders whose requirements are satisfied on higher level 
decisions. 

International 
Standards 

Adopt international standards that fit into your organization. [1] 

Threats 
identification  

Adopt this process to identify and remove threats in requirement phase. 

Prevention  Security synchronization in each phase of SDLC described in this phase. 
[3] 

Unambiguity  Remove ambiguous requirements [3] 

Design Recommended 
Software’s 

Maintain a list of recommended software’s framework [2] 

Security Principles Explicitly apply security principles to the design. [30] 

External Review External review of the design. [20, 24, 25] 

Access Control Define access controls in design phase. 

Development Check List Follow secure coding checklist. [31] 

Language  More immune language usage increase security. [18] 

Defensible Train developers to produce defensible applications.[18] 

Assessment Conduct source code assessment process. [26] 

Pair Programming Use of pair programming reduces security risks.[32] 

Flexibility Do not create rigid boundaries make it flexible to face security challenges 
in the present and future.  

Testing Testing plan Security testing plan.[1] 

Analysis Tools By using static analysis tools. [26] 

Acceptance Level Define the acceptance level of vulnerabilities within coding and testing 
stages [1] 
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Table 5: Requirement Phase Acceptance 

Requirement Phase 

Rule Strongly Agree Agree Neutral Disagree Strongly Disagree Total 

Stakeholder Identification  15 7 2 1 0 25 
Requirement Elicitation 14 5 1 3 2 25 
Remove Conflicts 18 5 2 0 0 25 
Satisfy Stakeholders  20 2 2 1 0 25 
International Standards 11 9 1 3 1 25 
Threats Identification  16 1 2 2 4 25 
Prevention  20 2 1 1 1 25 
Unambiguity  23 0 1 1 0 25 
Total 137 31 12 12 8 200 
%age 68.5% 15.5% 6% 6% 4%  

 

Table 6: Design Phase Acceptance 

Design Phase 

Rule Strongly Agree Agree Neutral Disagree Strongly Disagree Total 

Recommended Software’s  
15 7 2 1 0 25 

Security Principles  
14 5 1 3 2 25 

External Review 
18 5 2 0 0 25 

Access Control   
20 2 2 1 0 25 

Total 
67 19 7 5 2 100 

%age 
67% 19% 7% 5% 2%  

 

Figure 3: Design Phase Acceptance 
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Table 7: Development Phase Acceptance 

Development Phase  

Rule Strongly Agree Agree Neutral Disagree Strongly Disagree Total 

Check List 18 5 2 0 0 25 

Language 20 2 2 1 0 25 

Defensible  11 9 1 3 1 25 

Assessment  16 1 2 2 4 25 

Pair Programming  20 2 1 1 1 25 

Flexible  23  1 1 0 25 

Total 108 19 9 8 6 150 

%age 72% 12.66% 6% 5.33% 4%  

 

Figure 4: Development Phase Acceptance 

Table 8: Testing Phase 

Rule Strongly Agree Agree Neutral Disagree Strongly Disagree Total 

Testing Plan 
16 1 2 2 4 25 

Analysis Tool 
20 2 1 1 1 25 

Acceptance Level 
36 3 3 3 5 50 
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Figure 5: Testing phase Acceptance 

Table 9: Overall SDLC Acceptance 

SDLC Phases Strongly Agree Agree Neutral Disagree Strongly Disagree 

Requirement   
68.5% 15.5% 6% 6% 4% 

Design 
67% 19% 7% 5% 2% 

Development  
72% 12.66% 6% 5.33% 4% 

Testing 
72% 6% 6% 6% 10% 

Total 
69.87% 13.29% 6.25% 5.58% 5.00% 

 

 

Figure 6: Overall SDLC Acceptance 

0

10

20

30

40

50

60

70

80

1 2 3 4 5

70% 

13% 

6% 
6% 5% 1

2

3

4

5

Strongly 

Agree 

Neutral 

Disagree 

  Strongly 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2018) Volume 46, No  1, pp 247-259 

 

257 
 

By incorporation of security rules that are presented in this research (Table: 4) the imminent risk of a security 

breach in applications can be avoided to a greater extent. The rules of Requirement Phase include stakeholder 

identification, requirement elicitation, stakeholders satisfaction, removal of conflicts, compliance with 

international standards, threats identification, prevention, unambiguity etc. Design Phase of SDLC includes 

rules of following recommended development frameworks, security principles, external review, and access 

control. Development phase should comprise rules of checklist, language, defensible, assessment, pair 

programming, and flexibility. And Testing Phase of SDLC should embrace the testing plan, analysis tools, and 

acceptance level. 

5. Conclusion 

We cannot eliminate the importance of security in a successful software. Most of the times peoples implement 

after the development of software but it creates rigid boundaries and difficult to encourage security rules. This 

research gives us a platform to develop secure software by implementing these rules in respective phases of 

software development life cycle and this thing is validated by the research community and software engineers 

busy in different software houses to develop applications. In the future, we implement these rules in the 

development of different nature applications like web, desktop, cloud etc. and investigate the commonalities in 

all.  
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digunakan dalam pengajuan dan penilaian usulan angka kredit. 
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PENDAHULUAN 

Proses pengajuan dan penilaian Daftar Usulan Penetapan Angka 

Kredit (Dupak) merupakan kegiatan penting dalam karir pejabat 

fungsional perekayasa, karena pengajuan angka kredit 

merupakan cara menilaikan kinerja pekerjaannya yang menjadi 

dasar kenaikan jenjang dalam karirnya sebagai pejabat 

fungsional [1]. Sebuah aplikasi web dikembangkan guna 

menunjang kegiatan tersebut. Aplikasi web dipilih karena 

merupakan platform terbaik memanfaatkan teknologi saat ini 

untuk pengembangan dan penyediaan sistem informasi [2], 

proses pengembangan dan diseminasi lebih cepat dilaksanakan 

berkat majunya teknologi dan luasnya jaringan internet. Di sisi 

lain, web dapat digunakansebagai perangkat online dalam 

melakukan pengumpulan data yang efektif dan efisien[3], 

sehingga kegiatan mengumpulkan data-data pengajuan dan hasil 

penetapan angka kredit lebih tertib dan mudah dilaksanakan. 

 

Namun, tidak setiap pengembangan aplikasi web berhasil 

dilaksanakan apabila pengembanagn sistem tidak 

memperhatikan faktor-faktor yang mendukung keberhasilannya, 

yang salah satu indikasinya adalah kepuasan stakeholder atau 

pengguna aplikasi [4]. Sebagaimana pada umumnya dalam 

pengembangan sistem, salah satu masalahyang sering terjadi 

adalah sistem  yang tidak user friendlydan tidak selaras dengan 

apa yang dikerjakan penggunanya, yang menimbulkan kesulitan 

dalam pengoperasian dan ketidakpuasan yang disebabkan 

kegagalan dalam menjalankan tugas, padahal dengan rancangan 

antarmuka yang mudah dan tidak rumit akan memudahkan 

pengguna dalam mengoperasikannya [5].  

 

Isu sentral pada masalah tersebut adalah usability pada 

rancangan antarmuka. Usability merupakan  elemen kualitas 

pada aplikasi web, bersamaan dengan reliability dan security 

[6]. Menurut Nielsen [7], usability berhubungan dengan sistem 

yang mudah dipelajari, mudah dipahami, mudah digunakan, 

berfungsi sesuai tujuan pembuatan dan memberikan pengalaman 

memuaskan, yang semuanya direpresentasikan oleh rancangan 

antarmuka.  

 

Dari sudut pandang pengguna, antarmuka adalah representasi 

dari sebuah aplikasi. Antarmuka yang tepat dapat meningkatkan 

pengalaman pengguna dalam berinteraksi dengan sistem [8]. 

Rancangan antarmuka yang baik dapat memberikan manfaat dan 

meningkatkan kinerja, seperti kepuasan dalam bekerja dan 

http://bit.ly/infotekjar
http://bit.ly/infotekjar
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
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tingginya produktivitas. Rancangan antarmuka yang baik juga 

dapat menghemat biaya [9], sementara rancangan antar muka 

yang buruk dapat menimbulkan tekanan bagi pengguna, 

menurunkan kinerjadan mengurangi produktivitas. Dalam 

beberapa penelitian menunjukkan bahwa rancangan yang buruk, 

juga merupakan penyebab kegagalan pengembangan sistem[10].  

 

User Centered Design (UCD) merupakan pendekatan dalam 

merancang sistem perangkat lunak untuk menghasilkan suatu 

sistem yang useful dan usable. UCD menekankan pada 

bagaimana memahami pengguna dan konteks penggunaannya 

dengan cara melibatkan pengguna dalam desain dan proses 

pengembangan[11]. Ben Shneiderman dalam bukunya 

Designing the User Interface: Strategies for Effective Human-

Computer Interaction mengungkapkan delapan kaidah emas 

perancangan antarmuka, yang terdiri dari: konsistensi, 

penggunaan shortcut atau cara cepat melakukan tugas, informasi 

feedback ketika harus menunggu atau berhasil menyelesaikan 

suatu aksi, panduan untuk tugas yang memiliki tahapan, 

informasi yang memadai apabila terjadi error, adanya pilihan 

dalam melakukan aksi, adanya cara membatalkan aksi, 

antarmuka yang sederhana dan tidak ribet sehingga pengguna 

tak perlu menghapalkan langkah-langkah penggunaan [12]. 

Santi dan Fitriyah, dalam penelitiannya [13] menggunakan 

delapan kaidah emas untuk membuat sebuah rancangan yang 

menarik, namun sayangnya dalam melakukan evaluasi terhadap 

rancangan antarmuka mereka tidak melibatkan pengguna yang 

sebenarnya.     Padahal, evaluasi desain yang melibatkan 

pengguna sangat penting untuk memastikan desain antarmuka 

menarik dan memenuhi kebutuhan pengguna [14]. 

 

Beberapa penelitian lain dijalankan untuk mengevaluasi 

rancangan antarmuka untuk aplikasi web [15],[16], baik dengan 

cara membuat angket sendiri atau menggunakan kuesioner 

tertentu. Secara umum, pada penelitian-penelitian tersebut, 

evaluasi desain dilangsungkan pada akhir fase pengembangan 

dan bukan pada tiap fase pengembangannya, sehingga hasil 

evaluasi tidak langsung menjadi umpan balik untuk 

memperbaiki sistem yang sedang dikembangkan. 

 

Untuk mengatasi hal tersebut, perlu pengembangan sistem yang 

lebih cepat, yang dapat merespon dengan cepat masukan-

masukan hasil evaluasi. Rapid Application Development (RAD) 

merupakan metode pengembangan sistem yang mengutamakan 

pengembangan prototype untuk mendapatkan feedback lebih 

cepat sehingga pembuatan aplikasi juga lebih cepat dituntaskan. 

Salah satu teknik yang diterapkan adalah  incremental 

prototyping, yaitu proses pengembangan sistem secara iteratif 

[17]. Proses evaluasi desain terjadi pada setiap siklus prototype 

dan evaluasi desain dilakukan secara iteratif, diharapkan dengan 

proses iteratif maka hasil evaluasi desain dapat segera  

divisualisasikan pada prototype yang sedang dikem-bangkan. 

 

Tujuan penelitian ini mengembangkan prototype aplikasi Dupak 

Perekayasa Online (DUPER) melalui pendekatan UCD dan 

melakukan evaluasi secara iteratif yang melibatkan para 

pengguna, agar aplikasi yang dikembangkan mudah dipelajari 

dan mudah digunakan, serta selaras dengan apa yang dikerjakan 

pengguna sehingga proses administrasi pengajuan usulan angka 

kredit secara online dapat dilaksanakan dengan baik dan tanpa 

kendala. 

METODOLOGI 

Framework pengembangan kerap digunakan dalam pembuatan 

aplikasi web, proses pengembangan menjadi lebih cepat dan 

desain antarmuka lebih mudah dan konsisten berkat tersedianya 

komponen-komponen antarmuka yang siap digunakan. 

Bootstrap merupakan framework pengembangan aplikasi paling 

populer, gratis dan open source[18], menyediakan template CSS 

dan fungsi-fungsi JavaScript yang diperlukan untuk menyajikan 

aplikasi web yang menarik dan interaktif.  

 

Dengan penggunaan Bootstrap sebagai framework antarmuka, 

metode prototyping menjadi cukup efisien dan efektif dalam 

merancang antarmuka aplikasi. Keunggulan metode ini adalah 

produk akhir pengembangan sudah dapat dievaluasi sejak awal 

dan pada fase-fase pengembangan berikutnya, dan yang 

membuatnya efisien, prototype dapat menjadi aplikasi jadi yang 

nanti digunakan [19]. 

 

 

Gambar 1 menggambarkan siklus iteratif pengembangan secara 

prototyping, meliputi: (1) analyze, proses menganalisis 

kebutuhan pengguna dan sistem, dalam fase ini business proces 

dan skenario use case dirumuskan untuk mendapatkan gambaran 

ruang lingkup sistem dan detail dari setiap proses di dalamnya; 

(2) design, proses perancangan antarmuka untuk menerjemah-

kan kebutuhan pengguna menjadi rancangan antarmuka yang 

siap digunakan, pada tahapan ini metode 8 kaidah emas 

perancangan antarmuka diterapkan untuk mencapai usabilitas, 

(3) build prototype, proses coding yang mengubah rancangan 

menjadi prototype dan (4) usage & evaluate,  pengguna 

menggunakan prototype sekaligus melakukan evaluasi untuk 

menyempurnakan sistem yang dikembangkan [4]. Evaluasi 

merupakan fase yang sangat penting, yang memastikan sebuah 

aplikasi berguna dan mudah digunakan, menjadi kunci 

keberhasilan implementasi sebuah aplikasi. 

 

Sebagaimana nampak pada gambar 1, setiap proses dalam siklus 

pengembangan prototype berlangsung secara iteratif dan terus 

menerus, mulai dari analyze, design, buid, sampai usage & 

 

Gambar  1. Siklus Pengembangan Aplikasi dengan Metode 

Incremental Prototyping 
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evaluate. Hal yang menjadi perhatian dalam evaluasi prototype 

adalah functionality dan usability dari desain antarmuka, 

pendekatan UCD digunakan, agar sistem memenuhi kebutuhan 

pengguna, mudah dipahami dan digunakan [20]. 

 

Proses evaluasi secara iteratif melibatkan peran serta dan peran 

aktif pengguna melalui tahapan sebagai berikut: 

 

1. Iterasi pertama, pengembangan aplikasi ada pada tahapan 

perancangan antarmuka dan susunan menu aplikasi web 

untuk masing-masing pengguna, tujuan evaluasi ditekankan 

pada functionality, yaitu kesesuaian aplikasi dengan 

business process, melalui sebuah diskusi yang dihadiri 

perekayasa, penilai dan sekretariat sebagai para calon 

pengguna aplikasi.  Dalam diskusi, peserta mengamati 

simulasi prototype yang sedang dikembangkan. Kemudian, 

peserta memberikan review dan masukan untuk perbaikan 

dan memberikan ide-ide fitur lain yang diperlukan; 

 

2. Iterasi kedua, tahapan pengembangan aplikasi sudah sampai 

pada detail dari setiap proses, dalam artian bahwa prototype 

sudah dapat digunakan oleh pengguna untuk menyelesaikan 

tugasnya. Tujuan evaluasi adalah bagaimana para pengguna 

dapat menggunakan aplikasi sesuai dengan perannyamasing-

masing, yaitu sebagai perekayasa, penilai dan sekretariat. 

Pada iterasi ini selain functionality, review terhadap 

usability dilakukan; 

 

3. Iterasi ketiga merupakan pelaksanaan beta test, 

pengembangan aplikasi sudah pada tahap akhir di mana 

setiap fungsi aplikasi sudah diuji dan bekerja sesuai harapan. 

Aplikasi dapat digunakan secara nyata oleh perekayasa 

untuk mengajukan Dupak. Tujuan dari pengujian adalah 

bagaimana aplikasi dapat digunakan dalam konteks yang 

sebenarnya. Kegiatan dimulai dengan pembuatan panduan 

penggunaan aplikasi, sosialisasi aplikasi di lingkungan 

instansi, pelatihan bagi pegawai yang ditunjuk sebagai 

sekretariat, dan pelaksanaan penggunaan DUPER bagi para 

perekayasa yang berniat mengajukan angka kredit. 

 

4. Iterasi selanjutnya adalah iterasi ke-n merupakan evaluasi 

berikutnya yang secara berkesinambungan berjalan sebagai 

bagian dari pengembangan dan pemeliharaan sistem.  

 

Pengujian prototype dilaksanakan secara online. Prototype 

ditempatkan pada cloud server dengan alamat aplikasi web 

https://duper.bppt.go.id. Para pengguna mengakses aplikasi 

tersebut menggunakan notebook atau komputer desktop. 

Evaluasi terhadap prototype dan bagaimana pengguna 

melaksanakan tugas-tugasnya dilakukan melalui pengamatan 

dan diskusi. 

 

Sebuah grup Whatsapp (WA) dibuat sebagai helpdesk dan 

tempat berdiskusi dalam kegiatan pengembangan dan 

implementasi DUPER. Penggunaan grup WA jugamenunjukkan 

bahwa interaksi antara pengguna dan pengembang aplikasi dapat 

berlangsung kapan saja, dan proses review tidak lagi dibatasi 

oleh ruang dan waktu.  

 

Ada empat masukan yang diharapkan diperoleh dari proses 

pengujian dan review terhadap aplikasi, yaitu: bug report, kritik, 

saran perbaikan dan gagasan baru. 

HASIL DAN PEMBAHASAN 

 

Fase analisis dari iterasi pertama menghasilkan diagram 

business process seperti ditunjukkan gambar 2 yang 

menjelaskan proses administrasi pengajuan Dupak yang disusun 

ke dalam tiga kelompok pelaksana kegiatan. Pelaksana kegiatan 

akan menjadi pengguna aplikasi dengan peran dan tugas 

sebagaimana diuraikan dalam Tabel 1. 

 

Tabel 1. Daftar peran dan tugas pengguna dalam 

pengajuan DUPAK secara online dan menu terkait 

No Peran Deskripsi Tugas Menu 

1 Perekay

asa 

Berperan 

mengajuk

an 

DUPAK  

• Melengka

pi 

persyarata

n  

• Melengka

pi bukti 

kegiatan 

• Menyiapk

an 

DUPAK 

• Mengirim 

DUPAK 

• Persy

aratan 

• Bukti 

Kegia

tan 

• Dupa

k 

2 Sekretar

iat 

Berperan 

memprose

s 

DUPAK, 

mulai dari 

pemeriksa

an sampai 

penerbitan 

PAK 

• Memeriks

a DUPAK 

• Mengemb

alikan 

DUPAK 

• Mendistri

busikan 

ke Penilai 

• Merekap 

Hasil 

Penilaian 

• Menerbitk

an PAK 

• Dupa

k 

• Penu

gasan  

• Hasil 

Penil

aian 

• PAK 

 

Gambar  2. Business Process Administrasi Pengajuan 

DUPAK Hasil Analisis Iterasi 1 
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3 Penilai Berperan 

melakuka

n 

penilaian 

terhadap 

DUPAK 

• Melaksan

akan 

Penilaian 

• Memberik

an 

Rekomen

dasi 

• Dupa

k 

• Penil

aian 

 

 

Berdasarkan informasi pada business process maka menu untuk 

setiap pengguna dirumuskan melalui tugas untuk masing-masing 

peran. Ada tiga peran yang teridentifikasi dalam business 

process, yaitu: perekayasa, sekretariat dan penilai. Peran 

pertama adalah perekayasa, pengguna yang paling 

berkepentingan dengan dibuatnya aplikasi, yang mempunyai 

tugas menyiapkan, mengirimkan usulan angka kredit dan 

memperoleh penetapan angka kredit (PAK). Adapun peran-

peran lainnya, mempunyai tugas memproses Dupak yang 

diajukan perekayasa. 

 

Pada iterasi pertama, kami hanya mengembangkan antarmuka 

untuk perekayasa. Ruang lingkup yang terbatas ini dimaksudkan 

agar tidak terlalu banyak permasalahan yang harus ditangani, 

sehingga kerangka dasar aplikasi dapat terbentuk dengan baik 

dan bekerja dengan stabil. 

 

Gambar 3 memperlihatkan salah satu antarmuka aplikasi pada 

halaman unggah bukti kegiatan yang dibuat dengan penyajian 

sederhana, dengan harapan perekayasa dapat dengan mudah 

memahami dan menggunakannya. 

 

Evaluasi prototype pada iterasi pertama dilaksanakan dalam 

sebuah pertemuan, dihadiri tujuh orang peserta yang terdiri dari 

3 perekayasa, 2 anggota tim penilai, 2 anggota sekretariat dan 3 

orang tim IT. Pada evaluasi ini, perekayasa melakukan 

pengujian dengan melakukan pengisian data pada prototype 

aplikasi. Ada empat tahapan proses yang dilalui, yaitu: 

melengkapi persyaratan, melengkapi dan mengunggah bukti 

kegiatan,  menyiapkan DUPAK dan mengirimkannya. Beberapa 

catatan dan masukan yang menjadi perhatian dalam 

pengembangam aplikasi disajikan dalam Tabel 2.  

Tabel 2. Catatan dan masukan penting pada review iterasi 

pertama 

No Uraian Kategori Tanggapan/Solusi 

1 Login aplikasi 

sebaiknya 

menggunakan 

login email 

resmi 

lembaga  

Saran Gunakan API LDAP 

untuk login 

2 Siapakah 

yang 

mengunggah 

program 

manual? 

Penasara

n 

Perlu dibuat peran 

sekretariat unit kerja 

bertugas mengunggah 

program manual 

3 Apakah 

persyaratan 

administrasi 

harus 

diunggah 

kembali 

setiap kali 

mengajukan? 

Penasara

n 

Perlu dibuat komponen 

yang berisi berkas-

berkas kepegawaian 

4 Data pegawai 

sebaiknya 

diambil dari 

Sistem Data 

Terpadu 

(SIDADU) 

Saran Gunakan API SIDADU 

untuk memperoleh data 

pegawai 

5 Pada 

informasi 

pengguna, 

sebaiknya 

ditampilkan 

data jabatan 

dan pangkat 

Saran Siap dilaksanakan 

6 Butir kegiatan 

sebaiknya 

ditampilkan 

secara 

otomatis 

sesuai dengan 

perannya 

Saran Siap dilaksanakan 

7 Bagaimana 

caranya tim 

penilai 

melakukan 

penilaian 

terhadap bukti 

kegiatan yang 

biasanya bisa 

dengan cara 

mencoret-

coret dan 

memberikan 

catatan? 

Penasara

n 

Bisa dicetak dulu baru 

dinilai, atau ubah cara 

penilaiannya 

 

 

Catatan-catatan tersebut umumnya berkaitan dengan usability 

aplikasi. Sebagai contoh pada catatan tentang login, saran yang 

diberikan adalah menggunakan login email resmi lembaga. 

Untuk menerima saran ini maka perlu modifikasi pada 

functionality aplikasi, yaitu penggunaan API LDAP untuk 

mengakses server email lembaga untuk melakukan proses 

otentikasi. Login menjadi lebih mudah bagi pengguna, karena 

pengguna tidak perlu lagi registrasi atau membuat akun baru 

untuk bisa mengakses aplikasi. Demikian juga halnya dengan 

penyajian data pegawai. Integrasi dengan SIDADU (Sistem 

 

Gambar  3.Tampilan antarmuka halaman berkas kegiatan 

hasil rancangan iterasi pertama 

 



HUDA M. ELMATSANI/ INFOTEKJAR : JURNAL NASIONAL INFORMATIKA DAN TEKNOLOGI JARINGAN- VOL. 3 NO. 2 (2019) EDISI MARET 

 

Huda M. Elmatsani  DOI: https://doi.org/10.30743/infotekjar.v3i2.1014 100 

Informasi/Data Terpadu) membuat data yang digunakan 

dipastikan valid dan pengguna tidak perlu lagi menginput data 

dirinya.  Catatn lain dalam evaluasi pertama adalah ada berbagai 

masukan dan pertanyaan terkait pengembangan dan 

implementasi aplikasi, kesiapan infrastruktur, SDM dan 

peraturan resmi yang mendukungnya. 

 

Pada iterasi kedua, di mana tujuannya adalah seluruh menu dan 

proses diharapkan sudah dapat berfungsi, ada beberapa kegiatan 

yang dilakukan, yaitu: (1) memperbaiki business process, (2) 

mengerjakan rancangan antarmuka untuk semua komponen 

pengguna, (3) membuat prototype secara lebih rinci sehingga 

setiap pengguna dapat melaksanakan tugas-tugasnya sampai 

selesai, dan (4) melakukan evaluasi dengan cara menguji 

cobakan aplikasi dalam lingkungan terbatas. 

 

Terdapat koreksi terhadap business process, yaitu penambahan 

peran sekretariat unit kerja. Peran ini mempunyai tanggung 

jawab menjalankan tugas mengunggah berkas yang menjadi 

syarat pengajuan Dupak, berkas yang digunakan bersama oleh 

para perekayasa, seperti berkas program manual dan struktur 

OFK. 

 

OFK singkatan dari Organisasi Fungsional Kerekayasaan, 

merupakan organisasi yang dibentuk untuk menjalankan 

kegiatan kerekayasaaan. Bukti kegiatan yang diunggah seorang 

perekayasa menjadi tidak valid bila perekayasa tidak bisa 

menunjukkan keanggotannya dalam OFK. Dengan tersedianya 

OFK pada aplikasi, maka perekayasa dapat memilih di OFK 

mana ia terlibat dan dapat melaporkan kegiatannya berdasarkan 

perannya di OFK tersebut. 

 

Gambar 4 menunjukkan diagram business process yang telah 

mengalami penyesuaian berdasarkan diskusi pada evaluasi 

iterasi pertama. Ada penambahan peran berupa sekretariat unit 

kerja. Sekretariat unit kerja adalah sekretariat di mana 

perekayasa bekerja. Sekretariat unit kerja bertanggung jawab 

dalam menyiapkan data-data OFK dan menyiapkan nota dinas 

untuk pengusulan DUPAK dari para perekayasa di unit 

kerjanya. 

 

Tabel 3. Daftar menu dan jumlah antarmuka untuk masing-

masing komponen 

No Komponen Menu 
Jumlah 

Antarmuka 

1 Sekretariat 

Unit Kerja 

OFK, Dupak, 

Usulan 

3 

2 Perekayasa Dupak, OFK  10 

3 Sekretariat 

Instansi 

Usulan, Dupak, 

Penugasan, Hasil 

Penilaian, 

Penilai, 

PAK 

8 

4 Penilai Dupak, Penilaian, 

Hasil Penilaian 

3 

 

Desain antarmuka pada iterasi 2 meliputi komponen-komponen 

sekretariat unit kerja, perekayasa, sekretariat instansi, dan 

penilai. Tabel 3 menjelaskan antarmuka-antarmuka yang harus 

dibuat untuk komponen-komponen tersebut.  

 

Evaluasi prototype pada iterasi kedua berlangsung dalam sebuah 

workshop yang dihadiri 15 orang, terdiri dari 4 perekayasa, 3 

anggota tim penilai, 2 anggota sekretariat, 3 orang tim IT dan 3 

orang dari manajemen. 

 

Evaluasi dilaksanakan dengan cara simulasi penggunaan 

aplikasi. Langkah demi langkah diperagakan sampai proses 

dapat dituntaskan sesuai dengan business process dalam 

pengajuan DUPAK. Masing-masing peran dimainkan peserta 

rapat dengan tugas-tugas yang harus dilaksanakan mengikuti 

alur proses pengajuan dan penilaian. Secara umum, harapannya 

adalah sebuah DUPAK berhasil dinilaikan.  

 

Tabel 4. Daftar peran penguji, tugasnya, keberhasilan dan 

catatan kendala yang dihadapi 

No 
Peran 

Penguji 
Tugas 

Tingkat 

Berhasil 
Kendala 

1 Sekretari

at Unit 

Kerja 

Menyusun 

OFK dan 

mengusulk

an DUPAK 

yang 

diajukan 

perekayasa 

100% • Peran 

dalam OFK 

tidak bisa 

diedit/dihap

us 

• Tidak bisa 

memasukka

n nama non 

pegawai 

2 Perekaya

sa 

Menyusun 

DUPAK 

dan 

mengirimk

annya  

100% • Mengungga

h buku (file 

ukuran 

besar) 

3 Sekretari

at 

Instansi 

Memeriksa 

DUPAK 

dan 

menugaska

n penilaian 

ke seorang 

penilai 

50% • Belum ada 

antarmuka 

penugasan 

4 Penilai Memeriksa 

DUPAK 

dan 

menilainya, 

30% • Berkas bisa 

diperiksa 

tapi belum 
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Gambar  4.Business Process Administrasi Pengajuan 

DUPAK Hasil Analisis Iterasi 2 
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Tabel 4 menunjukkan hasil simulasi pengujian prototype. 

Hasilnya tidak sempurna, namun cukup memuaskan mengingat 

ada hasil-hasil penting yang sudah tercapai, seperti penyusunan 

OFK dan DUPAK. Dalam pengamatan juga tercatat bahwa 

umumnya pengguna tidak mengalami kesulitan dalam 

menjelajahi aplikasi, membuka menu dan melakukan aktivitas 

sesuai dengan tugas-tugas dalam perannya. Hal ini menunjukkan 

bahwa rancangan antarmuka cukup berhasil dalam menyajikan 

prototype yang user friendly. 

 

Ada masukan dalam pengujian berupa pertanyaan dan kendala. 

Pertanyaan dan kendala seringkali tidak membutuhkan jawaban, 

karena merupakan jawaban yang memiliki gagasan penting 

bagaimana sistem harus diperbaiki dan disempurnakan.Beberapa 

masukan diterima seperti: OFK yang tidak bisa diedit, input 

personel non pegawai yang tidak bisa diinput, antarmuka 

penugasan dan antarmuka penilaian yang belum tersedia. Secara 

umum permasalahan disebabkan dua hal, yaitu bugs dan 

modulnya belum digarap. Kedua masalah ini menjadi catatan 

untuk perbaikan pada iterasi berikutnya.  

 

Pada iterasi ketiga atau beta test, tujuan pengujian adalah agar 

prototype dapat digunakan dalam pengajuan DUPAK yang 

sebenarnya. Diharapkan sesudah berhasil melewati beta test, 

aplikasi dapat diformalkan untuk digunakan secara resmi dalam 

pengajuan usulan angka kredit jabatan fungsional perekayasa 

secara nasional. 

 

Langkah-langkah sebelum melaksanakan beta test, meliputi: 

1. Pemeriksaan dan perbaikan terhadap seluruh antarmuka dan 

proses, untuk memastikan pengguna dapat menyelesaikan 

tugasnya tanpa hambatan dan masalah; 

2. Penyusunan buku panduan untuk perekayasa, sekretariat dan 

penilai; 

3. Sosialisasi kepada para perekayasa melalui forum, web dan 

media sosial; 

4. Pelatihan untuk sekretariat unit kerja, khususnya dalam 

melakukan penyusunan OFK; 

5. Pelaksanaan pengujian yang diharapkan diikuti oleh 

perekayasa yang bermaksud mengajukan DUPAK untuk 

penambahan angka kredit.   

 

Hasil pemeriksaan status kesiapan antarmuka untuk masing-

masing komponen disajikan dalam Tabel 5. 

 

Tabel 5. Daftar status kesiapan antarmuka untuk masing-masing 

komponen 

Komponen Antarmuka Status 

Sekretariat 

Unit Kerja 

Daftar OFK OK 

Edit OFK OK 

Daftar Usulan OK 

Daftar DUPAK OK 

Perekayasa Daftar DUPAK OK 

Daftar Syarat Adm OK 

Unggah Syarat Adm OK 

Bukti Kegiatan  OK 

Unggah Pendidikan OK 

Unggah Pelatihan OK 

Unggah Profesi OK 

Unggah Kerekayasaan OK 

Unggah Penunjang OK 

Daftar Pernyataan OK 

Kirim DUPAK OK 

Daftar OFK OK 

Sekretariat 

Instansi 

Usulan OK 

Daftar DUPAK OK 

Periksa DUPAK OK 

Penugasan OK 

Hasil Penilaian X 

Penilai OK 

Daftar PAK X 

Penilai Daftar DUPAK OK 

Penilaian DUPAK OK 

Hasil Penilaian OK 

  

Dari 26 antarmuka, hanya ada 2 antarmuka yang belum siap, 

atau status kesiapannya sudah lebih dari 90%. Selain itu, untuk 

komponen perekayasa, status kesiapannya sudah 100%, artinya 

aplikasi sudah siap digunakan oleh perekayasa yang akan 

mengajukan Dupak. Penyusunan buku panduan untuk 

perekayasa pun mulai dilakukan karena untuk semua antarmuka 

yang dibutuhkan dalam panduan sudah bisa di-screenshot. 

 

Beta test dilaksanakan selama tiga minggu. Rentang waktu tak 

cukup panjang, namun cukup luang untuk perekayasa yang 

sudah menyiapkan berkas-berkasnya dan memahami cara 

mengguna-kan aplikasi. Pemantauan terhadap pelaksanaan 

pengujian dilakukan melalui pengamatan terhadap data-data 

yang masuk ke dalam sistem dan pemantauan terhadap 

pertanyaan-pertanyaan yang disampaikan lewat grup WA. 

 

Gambar 5 merupakan rekapitulasi data hasil pelaksanaan beta 

test yang menunjukkan jumlah pengajuan DUPAK. Total 

DUPAK yang diajukan berjumlah 195, dengan rincian 81 

DUPAK diajukan untuk periode Oktober 2018, 72 

DUPAKdiajukan untuk April 2019, 7 DUPAKdiajukan untuk 

Oktober 2019, dan 35 DUPAKtidak menentukan periode 

pengajuannya. Sekalipun baru diperkenalkan, jumlah Dupak 

yang diajukan cukup banyak, fenomena ini mengindikasikan 

besarnya minat dan antusiasme para perekayasa dalam 

mengajukan DUPAKsecara online.  

 

Grafik juga menunjukkan bahwa ada 5 DUPAKyang akhirnya 

dikirimkan. Ini menunjukkan bahwa aplikasi sudah bisa 

digunakan dalam menyusun dan mengirimkan DUPAK, 

sekalipun tidak banyak namun memberikan data penting pada 

hasil pengujian. Di sisi lain, DUPAKyang masuk, menjadi 

bahan pengujian bagi para penilai dalam melakukan 

pemeriksaan dan penilaian bukti kegiatan menggunakan aplikasi 

DUPER. 

 

Hasil review pada iterasi-3 lebih banyak pada aspek 

implementasi aplikasi. Misalnya, untuk meningkatkan jumlah 

DUPAK yang dikirimkan, perlu persiapan yang lebih matang, 

sosialisasi yang lebih luas, bimbingan teknis di unit-unit kerja 



HUDA M. ELMATSANI/ INFOTEKJAR : JURNAL NASIONAL INFORMATIKA DAN TEKNOLOGI JARINGAN- VOL. 3 NO. 2 (2019) EDISI MARET 

 

Huda M. Elmatsani  DOI: https://doi.org/10.30743/infotekjar.v3i2.1014 102 

dan penerbitan peraturan yang memformalkan penggunaan 

DUPER sebagai cara dalam mengirimkan DUPAK. 

KESIMPULAN 

Metode incremental prototyping dan pendekatan UCD yang 

melibatkan pengguna terbukti dapat menghasilkan prototype 

aplikasi DUPER yang useful dan usable. Proses evaluasi secara 

iteratif memperlihatkan bagaimana pengembangan dan 

perbaikan prototype menjadi lebih efektif dan hasil pengujian 

menunjukkan bahwa aplikasi web yang dirancang dan dibuat 

benar-benar sesuai harapan dan dapat digunakan dalam 

pengajuan DUPAK secara online. Pada penelitian ini, evaluasi 

lebih ditekankan pada bagaimana aplikasi mudah dipahami dan 

mudah digunakan. Untuk lebih meningkatkan usabilitas maka 

pada penelitian berikutnya perlu evaluasi yang menilai 

pengalaman pengguna dan mengukur seberapa puas pengguna 

menggunakan aplikasi.  
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User Centered Design dan Evaluasi Iteratif pada Pengembangan Aplikasi 
DUPAK Perekayasa 

Proses pengajuan dan penilaian Daftar Usulan Penetapan Angka Kredit (Dupak) merupakan 
kegiatan penting dalam karir pejabat fungsional perekayasa, karena pengajuan angka kredit 
merupakan cara menilaikan kinerja pekerjaannya yang menjadi dasar kenaikan jenjang dalam 
karirnya sebagai pejabat fungsional. Sebuah aplikasi web dikembangkan guna menunjang 
kegiatan tersebut. Aplikasi web dipilih karena merupakan platform terbaik memanfaatkan 
teknologi saat ini untuk pengembangan dan penyediaan sistem informasi, proses 
pengembangan dan diseminasi lebih cepat dilaksanakan berkat majunya teknologi dan 
luasnya jaringan internet. Di sisi lain, web dapat digunakansebagai perangkat online dalam 
melakukan pengumpulan data yang efektif dan efisien, sehingga kegiatan mengumpulkan 
data-data pengajuan dan hasil penetapan angka kredit lebih tertib dan mudah dilaksanakan. 

Namun, tidak setiap pengembangan aplikasi web berhasil dilaksanakan apabila 
pengembanagn sistem tidak memperhatikan faktor-faktor yang mendukung keberhasilannya, 
yang salah satu indikasinya adalah kepuasan stakeholder atau pengguna aplikasi. 
Sebagaimana pada umumnya dalam pengembangan sistem, salah satu masalahyang sering 
terjadi adalah sistem yang tidak user friendlydan tidak selaras dengan apa yang dikerjakan 
penggunanya, yang menimbulkan kesulitan dalam pengoperasian dan ketidakpuasan yang 
disebabkan kegagalan dalam menjalankan tugas, padahal dengan rancangan antarmuka yang 
mudah dan tidak rumit akan memudahkan pengguna dalam mengoperasikannya. Isu sentral 
pada masalah tersebut adalah usability pada rancangan antarmuka. Usability merupakan 
elemen kualitas pada aplikasi web, bersamaan dengan reliability dan security. 

Rancangan antarmuka yang baik dapat memberikan manfaat dan meningkatkan kinerja, 
seperti kepuasan dalam bekerja dan tingginya produktivitas. Rancangan antarmuka yang baik 
juga dapat menghemat biaya, sementara rancangan antar muka yang buruk dapat 
menimbulkan tekanan bagi pengguna, menurunkan kinerjadan mengurangi produktivitas. 
Dalam beberapa penelitian menunjukkan bahwa rancangan yang buruk, juga merupakan 
penyebab kegagalan pengembangan sistem. 

User Centered Design (UCD) merupakan pendekatan dalam merancang sistem perangkat 
lunak untuk menghasilkan suatu sistem yang useful dan usable. UCD menekankan pada 
bagaimana memahami pengguna dan konteks penggunaannya dengan cara melibatkan 
pengguna dalam desain dan proses pengembangan.  

Rapid Application Development (RAD) merupakan metode pengembangan sistem yang 
mengutamakan pengembangan prototype untuk mendapatkan feedback lebih cepat sehingga 
pembuatan aplikasi juga lebih cepat dituntaskan. Salah satu teknik yang diterapkan adalah 



incremental prototyping, yaitu proses pengembangan sistem secara iteratif. . Proses evaluasi 
desain terjadi pada setiap siklus prototype dan evaluasi desain dilakukan secara iteratif, 
diharapkan dengan proses iteratif maka hasil evaluasi desain dapat segera divisualisasikan 
pada prototype yang sedang dikembangkan. Tujuan penelitian ini mengembangkan prototype 
aplikasi Dupak Perekayasa Online (DUPER) melalui pendekatan UCD dan melakukan 
evaluasi secara iteratif yang melibatkan para pengguna, agar aplikasi yang dikembangkan 
mudah dipelajari dan mudah digunakan, serta selaras dengan apa yang dikerjakan pengguna 
sehingga proses administrasi pengajuan usulan angka kredit secara online dapat dilaksanakan 
dengan baik dan tanpa kendala. 

KESIMPULAN  

Metode incremental prototyping dan pendekatan UCD yang melibatkan pengguna terbukti 
dapat menghasilkan prototype aplikasi DUPER yang useful dan usable. Proses evaluasi 
secara iteratif memperlihatkan bagaimana pengembangan dan perbaikan prototype menjadi 
lebih efektif dan hasil pengujian menunjukkan bahwa aplikasi web yang dirancang dan dibuat 
benar-benar sesuai harapan dan dapat digunakan dalam pengajuan DUPAK secara online. 
Pada penelitian ini, evaluasi lebih ditekankan pada bagaimana aplikasi mudah dipahami dan 
mudah digunakan. Untuk lebih meningkatkan usabilitas maka pada penelitian berikutnya 
perlu evaluasi yang menilai pengalaman pengguna dan mengukur seberapa puas pengguna 
menggunakan aplikasi. 
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ABSTRACT 
This essay contributes a meta-scientific account of human– 
computer interaction (HCI) research as problem-solving. 
We build on the philosophy of Larry Laudan, who develops 
problem and solution as the foundational concepts of sci-
ence. We argue that most HCI research is about three main 
types of problem: empirical, conceptual, and constructive. 
We elaborate upon Laudan’s concept of problem-solving 
capacity as a universal criterion for determining the pro-
gress of solutions (outcomes): Instead of asking whether re-
search is ‘valid’ or follows the ‘right’ approach, it urges us to 
ask how its solutions advance our capacity to solve important 
problems in human use of computers. This offers a rich, gen-
erative, and ‘discipline-free’ view of HCI and resolves some 
existing debates about what HCI is or should be. It may also 
help unify efforts across nominally disparate traditions in 
empirical research, theory, design, and engineering.  

Author Keywords 
Human–computer interaction; Problem-solving; Scientific 
progress; Research problem; Larry Laudan 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous 

INTRODUCTION 
The spark for writing this essay comes from feelings of 
confusion, and even embarrassment, arising in describing 
our field to students and other researchers. What is human–
computer interaction (HCI) as a field? As numerous ideas 
and disciplines contribute to HCI, its unique character is 
elusive. Although HCI is in intellectual debt to many other 
fields, few would agree that it reduces to them. It has its 
own subject of enquiry, which is not part of the natural or 
social sciences. It does not belong to engineering, computer 
science, or design either. So what is it? 

The essay has a grand ambition: to develop a conceptually 
coherent account of the ‘95% of HCI research’. We know 
of no other paper offering an attempt to address the field as 
a whole. We are motivated first and foremost by the intel-

lectual enigma pertaining to what HCI is: There is no ac-
cepted account that would tell how HCI’s numerous ap-
proaches contribute to pursuit of shared objectives. In con-
trast, HCI has been criticised for lack of ‘motor themes, 
mainstream topics, and schools of thought’ [25] and for be-
ing fragmented ‘across topics, theories, methods, and peo-
ple’ [38]. Consequently, some have called for ‘a hard sci-
ence’ [36], others for ‘strong concepts’ [19] or an ‘in-
ter-discipline’ [3]. These are serious concerns with serious 
implications for the field. 

Why bother with a meta-scientific paper at a technical con-
ference? Because the stakes are high. Philosophies of sci-
ence are at worst an impotent topic worthy of hallway con-
versations. But if the critics are right, our field is seriously 
crippled, from the project level to the larger arenas of re-
search Realpolitik. Lacking a coherent view of what HCI is, 
and what good research in HCI is, how can we communi-
cate results to others, assess research, co-ordinate efforts, or 
compete? In addition, as we show, philosophical views of-
fer thinking tools that can aid in generating ideas and gen-
erally enhance the quality of research. 

The contribution here lies in describing HCI as prob-
lem-solving. An overview is given in Figure 1. The view 
originates from Larry Laudan’s philosophy of science [28]. 
Laudan describes scientific progress in terms of two foun-
dational concepts: research problem and solution. Laudan's 
‘problem’ is not what we mean by the term in ordinary lan-
guage. It is defined via inabilities and absences occurring in 
descriptions; knowledge; or, as often in HCI, constructive 
solutions. For example, a research problem may involve 
lack of understanding of how colour schemes on a web 
page affect the aesthetic experience of its use. More gener-
ally, Laudan’s research problem subsumes what we tradi-
tionally understand in HCI as a ‘design problem’ but also 
problems to do with theory and empirical research.  

Most of our argumentation builds on a concept put forth by 
Laudan that links problems with solutions: problem-solving 
capacity. For Laudan, a solution is something special, too. 
In the above-mentioned case of aesthetic perception of web 
pages, possible solutions range from descriptions of 
self-reports to models of aesthetic impressions. These solu-
tions change the status of the inabilities and absences but in 
different ways. Laudan qualifies this in terms of improve-
ments to problem-solving capacity. This is counter to some 
traditional notions of progress [28, p. 14]:  

In appraising the merits of theories, it is more important 
to ask whether they constitute adequate solutions to sig-
nificant problems than it is to ask whether they are ‘true’, 
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‘corroborated’, ‘well-confirmed’ or otherwise justifiable 
within the framework of contemporary epistemology.  

With this definition, the benefit of problem-solving is that it 
allows covering a wider scope of research than previous ac-
counts, which have been restricted to certain disciplines, 
topics, or approaches (e.g., research-through-design [53], 
interaction criticism [2], usability science [15], or interac-
tion science [21]). However, because Laudan developed his 
view with natural and social sciences in mind, he missed 
design and engineering contributions. Extending Laudan’s 
typology to propose that research problems in HCI include 
not only empirical and conceptual but also constructive 
problems, we present the first typology developed to en-
compass most recognised research problems in HCI. It is 
now possible to describe research contributions regardless 
of the background traditions, paradigms, or methods. The 
seemingly multi- or, rather, hyper-disciplinary field is—in 
the end—about solving three types of problem. This reduc-
es the number of dimensions dramatically when one is talk-
ing about HCI. 

Having built the conceptual foundation, we return to answer 
four fundamental questions: 1) What is HCI research, 2) 
what is good HCI research, 3) are we doing a good job as a 
field, and 4) could we do an even better job?  

We aim to show through these discussions that Laudan's 
problem-solving view is not just ‘solutionism’. It offers a 
useful, timeless, and actionable non-disciplinary stance to 
HCI. Instead of asking whether research subscribes to the 
‘right’ approach, a system is ‘novel’, or a theory is ‘true’, 
one asks how it advances our ability to solve important 
problems relevant to human use of computers. Are we ad-
dressing the right problems? Are we solving them well? 
The view helps us contribute to some longstanding debates 
about HCI. Moreover, we show that the view is generative. 
We provide ideas on how to apply it as a thinking tool. 
Problem-solving capacity can be analysed for individual 
papers or even whole sub-topics and the field at large. It al-

so works as a springboard for generating ideas to improve 
research agendas. 

We conclude on a positive note by arguing that HCI is nei-
ther unscientific nor non-scientific (as some have claimed 
[40]) or in deep crisis [25]. Such views do not recognise the 
kinds of contributions being made. Instead, on many 
counts, HCI has improved problem-solving capacity in hu-
man use of computing remarkably and continues to do so. 
However, as we show, these contributions tend to focus on 
empirical and constructive problem types. In a contrast to 
calls for HCI to be more scientific [21], interdisciplinary 
[3], hard [36], soft [9], or rigorous [40], the systematic 
weakness of HCI is, in fact, our inability to produce con-
ceptual contributions (theories, methods, concepts, and 
principles) that link empirical and constructive research.  

THREE TYPES OF RESEARCH PROBLEM IN HCI 
Our first point is that the key to understanding HCI as prob-
lem-solving is the recognition that its research efforts clus-
ter around a few recurring problem types. We effectively 
‘collapse’ the (apparent) multiplicity of research efforts un-
der a few problem types. This not only simplifies HCI but 
also transcends some biasing presumptions arising from 
methodology, theory, or discipline. One can now see simi-
larities and differences between, say, an observational study 
of a novel technology and a rigorous laboratory experiment, 
without being bound by their traditions. 

In this section, we 1) introduce Laudan’s notion of research 
problem briefly, 2) extend his typology to cover engineer-
ing and design contributions to HCI, and 3) argue that con-
tributions in HCI can be classified via this typology.  

Laudan originally distinguished only two types of research 
problem—empirical and conceptual. These are defined in 
terms of absence or inabilities to understand or achieve 
some ends. As we argue below, the two types are applicable 
also to HCI. However, to not let design ‘off the hook’, HCI 
should cover engineering and design contributions. This as-
pect is clear in almost all definitions of HCI as a field, in-

 
Figure 1. This paper analyses HCI research as problem-solving. Scientific progress in HCI is defined as improvements in our 

ability to solve important problems related to human use of computing. Firstly, a subject of enquiry is defined and its im-
provement potential analysed. Then, a research problem is formulated. The outcome of the research (i.e., the solution) is evalu-

ated for its contribution to problem-solving capacity defined in terms of five criteria.  
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cluding that of the 1992 ACM Curriculum [18]. We there-
fore propose adding a constructive problem type. An over-
view is given in Figure 2. This typology is orthogonal to the 
well-known Pasteur's Quadrant, which constitutes an at-
tempt to bridge the gap between applied and basic research 
by suggesting ‘use-inspired basic research’ as an acceptable 
type. In our view, in HCI, all problems are (somehow) 
use-inspired and the quadrant offers little insight.  

Empirical Problems 
The landscape is replete with empirical problems, across all 
HCI venues, from studies of how people use mouseover to 
embarrassing experiences with technology and effective 
ways of crowdsourcing contributions. Nevertheless, this is 
perhaps the most straightforward type to define:  

Definition: Empirical research is aimed at creating or 
elaborating descriptions of real-world phenomena related 
to human use of computing. 

Laudan cites three characteristic subtypes:  

1. unknown phenomena 
2. unknown factors 
3. unknown effects  

Qualitative research, ethnography in particular, is an ap-
proach often followed to shed light on novel phenomena. 
An example is the 1996 TOCHI article ‘A Field Study of 
Exploratory Learning Strategies’ [41], which reported ob-
servations of how users explore software. The constituent 
factors of phenomena, however, can be exposed only after 
the ‘carrier’, the phenomenon, has been identified. Consid-
er, for example, the paper ‘Distance Matters’ [37]: it cata-
logues phenomena and factors that affect mediated human-
to-human communication. Finally, after identifying factors, 
one can measure and quantify their effects on something of 
interest. A common example is evaluative studies wherein 
statistical inference is used to quantify the most potent ef-
fects. One could cite fisheye menus here—though there is a 
great deal of knowledge about the technique and how to 
implement it, a study that evaluated its usability found no 
benefits of this technique [20].  

Conceptual Problems 
Conceptual problems are non-empirical; they involve issues 
in theory development in the most general sense. They are 
also what Laudan calls second-order problems: their sub-
stance does not pertain to the world directly, unlike empiri-

cal problems. Conceptual problems might involve difficul-
ties in explaining empirical phenomena, nagging issues in 
models of interaction, or seeming conflicts between certain 
principles of design. Fitts’ law [45] is perhaps the most 
well-known example. It is a statistical model connecting 
aimed-movement performance (speed and accuracy) to two 
properties of a user interface that designers can affect: dis-
tance to and width of selection areas such as buttons. The 
research problem it solves is how performance in aimed 
movement is connected to task demands imposed by a UI. 

We offer the following, more general definition: 

Definition: Work on a conceptual research problem is 
aimed at explaining previously unconnected phenomena 
occurring in interaction. 

Responses to this type of problem include theories, con-
cepts, methods, principles, and models. Furthermore, Lau-
dan distinguishes among three characteristic subtypes:  

1. implausibility 
2. inconsistency 
3. incompatibility  

We discuss each subtype with well-known examples from 
HCI literature. Implausibility means that the phenomenon is 
unreasonable, improbable, or lacking an explanation. Con-
sider the 1985 paper in HCI Journal entitled ‘Direct Ma-
nipulation Interfaces’ [22], whose authors sought to explain 
why GUIs felt more direct and command-language inter-
faces felt more indirect. Inconsistency means that a position 
is inconsistent with data, with itself, or with some other po-
sition. For example, empirical research on privacy in HCI 
led to an account of privacy as a reciprocal process among 
two or more parties to communication [11]. This observa-
tion countered the then-more-common view that privacy is 
a state or property attributable to a technological system. 
Finally, incompatibility means that two positions have as-
sumptions that cannot be reconciled. The debate [52] about 
using throughput (TP) as a metric for pointing performance 
falls into this category. Two scholars proposed two metrics 
that entailed partially incompatible interpretations of the 
concept and guidance on how to analyse data.  

Constructive Problems  
We extend the typology of problems with a third type:  

Definition: Constructive research is aimed at producing 
understanding about the construction of an interactive ar-
tefact for some purpose in human use of computing.   

We put emphasis on understanding: the objective is not the 
construction itself but the ideas or principles it manifests. 
This problem type covers some of the sub-areas of HCI 
showing the most vitality at conferences, including interac-
tive systems, interactive applications, interface and sensor 
technology, interaction techniques, input devices, UI design, 
interaction design, and concept design. Importantly, this 
problem type cuts across design and engineering, both exten-
sive topics. We further distinguish three subtypes:  

 
Figure 2. The problem-solving view ‘collapses’ research problems 

in HCI into three main categories, each with three subtypes. 
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1. no known solution 
2. partial, ineffective, or inefficient solution  
3. insufficient knowledge or resources for implementation 

or deployment  

To provide examples of each, we look at recent research on 
tangible and surface computing. The CHI ’97 paper ‘Tangi-
ble Bits’ [23] contributed both a novel technical concept for 
interaction and the first ideas of technical solutions to a prob-
lem for which there were none at the time of writing (subtype 
1). Generally, work innovating novel concepts for interaction 
falls into this category. The second subtype is more typical 
of engineering papers but also found in design-driven pa-
pers aimed at improving existing interactions. For example, 
the CHI ’01 paper ‘SenseTable’ [39] offered a new elec-
tromagnetic tracking method with better performance than 
computer-vision-based methods for tangible interaction. 
Generally, papers presenting improved solutions for some 
aspect of interaction fall into this category. The third sub-
type involves inability to implement or deploy, which can 
be caused by lack of knowledge or resources. For example, 
a CHI'09 paper described the iterative design and deploy-
ment of WeSpace [49], a collaborative multi-surface system.  

PROBLEM-SOLVING CAPACITY OF HCI RESEARCH 
The three-part typology would be sterile if it did not offer 
some way to assess also the results of research. That is, it 
should enable us to answer the question ‘what is good HCI 
research?’. This is where we arrive at Laudan’s key concept 
for understanding solutions: problem-solving capacity.  

To Laudan, the outcomes, findings, and results of research 
are solutions that solve research problems but with capaci-
ties. One can informally think of problem-solving capacity 
as ‘solution strength’: A weak paper addresses an insignifi-
cant problem and solves it inefficiently, while raising con-
cerns about validity. A strong one offers a generalisable and 
efficient solution to an important, recurring problem. Be-
cause this notion can be used to assess research and gener-
ate ideas for its improvement, it elevates the prob-
lem-solving view from a descriptive status to prescription.  

Five Aspects of Problem-Solving Capacity  
Laudan discussed four criteria for problem-solving capaci-
ty. To account for concerns about validity and reliability in 
HCI, we propose adding a fifth, to produce this list: 

1. significance 
2. effectiveness 
3. efficiency 
4. transfer 
5. confidence 

Significance means that a solution addresses a problem that 
is important to the stakeholders of the research—be they re-
searchers or practitioners or end users. Early research on 
cognitive models is a well-known example. While it suc-
cessfully addressed the common types of interaction in the 
1980s, it was criticised in the 1990s for being mired in in-
significant problems as new interactions and contexts of use 

emerged [42]. Laudan did not present a metric for signifi-
cance, but there are many reference points used in HCI. A 
significant intrinsic problem for researchers, for example, 
might be the problem of what ‘interaction’ is. It is, howev-
er, quite characteristic of HCI that the discipline’s signifi-
cance is gauged by reference to broader issues in society 
and industry. Our experience is that such significance is ar-
gued for by reference to survey data from users and some-
times in terms of avoiding some costs (e.g., accidents) or of 
profitability. It is common, nonetheless, for numerical esti-
mates not to be available, especially when one is considering 
novel technology. In such cases, arguments for significance 
are often speculative and assume the risk that the technolo-
gy or phenomenon in question may not materialise. This 
feature distinguishes HCI from some neighbouring fields, 
such as human factors, that put more emphasis on realism.  

Effectiveness means that the solution resolves the essential 
aspects of the stated problem. A weak contribution omits or 
misconstrues influential aspects of the problem. Proponents 
of the distributed cognition view, for example, criticised the 
cognitive science prevailing at the time for inability to ex-
plain how individuals and organisations perceive, attend, or 
remember in real-world environments. The new theory was 
an attempt to explain how environmental constraints and re-
sources, together with habits and practices, contribute to 
faculties that were previously attributed to the mind.  

Efficiency refers to the costs of applying a solution relative 
to the gains achieved. Mathematical models, design heuris-
tics, and reports of errors in usability tests are relatively in-
expensive to apply, even if not easy to come by. In contrast, 
while detailed second-by-second interaction analyses may 
be comprehensive (and thereby effective), they are often 
cumbersome to obtain and hard to apply.  

Laudan also talks about transfer, or how well the solution 
transfers to neighbouring problems or other instances of the 
problem. Perhaps the most ‘transferable’ solutions in HCI 
are the user-centred design method and usability testing 
(see Lindgaard [30]). Both are almost universally applicable 
in design projects, although one may question the other as-
pects of their problem-solving capacity. 

We add the criterion of confidence, referring to the proba-
bility that the proposed solution holds. As do the other four 
criteria, this one too cuts across the three problem types. In 
empirical research, confidence is affected foremost by va-
lidity and reliability. Perhaps the wrong statistical test was 
used, or missing data were ignored. Such flaws increase the 
risk that the result does not hold beyond the study in ques-
tion. In theoretical work, omissions, such as forgetting to 
address certain prominent factors, counter-arguments, or as-
sumptions about unlikely conditions, decrease confidence. 
In constructive research, confidence is affected by argu-
ments as to how well the solution addresses issues that may 
work against it. For example, engineers would talk about 
the ‘robustness’ of a solution and a designer might argue 
that a given design is suitable for different contexts.  
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HCI RESEARCH AS A PROBLEM-SOLVING FIELD 
To summarise, problem-solving capacity refers to our abil-
ity to solve important research problems effectively, effi-
ciently, and with high confidence in the solutions’ validity. 
With this concept, HCI can now be characterised as a prob-
lem-solving field with its own unique 1) subject of enquiry, 
human use of computing; 2) research problems; 3) types of 
problem-solving capacity pursued; and 4) achievements in 
improving problem-solving capacity. We offer a very high-
level view of the first three below. 

Firstly, building on the three problem types outlined above, 
we can define a research problem in HCI thus: 

Definition: A research problem in HCI is a stated lack 
of understanding about some phenomenon in human use 
of computing, or stated inability to construct interactive 
technology to address that phenomenon for desired 
ends.  

This definition recognises at least 1) designers and innova-
tors and their emphasis on the construction; 2) empirical re-
searchers and their emphasis on methods and reliable 
knowledge; and 3) scientists with their emphasis on theo-
ries, concepts, and models. We have already stated that 
what makes HCI unique among the fields looking at human 
use of computing (others include human factors and infor-
mation systems) is that it places a real and strong emphasis 
on constructive problems. In this respect, it is closer to de-
sign and engineering fields.  

This view of HCI as a field differs from what might be 
formed from reading some traditional philosophies of sci-
ence. As in Thomas Kuhn's notion of scientific paradigms, 
sometimes HCI is described in terms of parallel paradigms 
[17]. This, however, may justify fortresses and thereby pre-
vent critical evaluation of work: ‘You don’t understand 
where I come from; therefore, you are not competent to cri-
tique my results.’ Moreover, this does not encourage the 
various camps to work together to solve problems that, es-
pecially in HCI, require contributions from multiple angles. 
Thinking in terms of problem-solving capacity puts all tra-
ditions on equal footing by ignoring them and considering 
1) the problems and 2) the problem-solving capacity 
achieved. Similarly, Karl Popper's critical rationalism calls 
for subjecting theories to rational critique and decisive em-
pirical tests. Similar ideas can be seen in recent debates 
around HCI—for example, in the discussion surrounding 
reproducibility or research and the call for more theorising 
and scientific discovery in HCI [21]. In the problem-solving 
view, such activities are important but should not preclude 
others, such as construction or identification of problems. 

Mixing Problem Types in Papers 
The most immediate observation about HCI papers is that 
they often involve two problem types. Consider a paper 
presenting a novel construction. In addition, it may describe 
evaluative studies whose purpose is to understand interac-

tion allowed by the new solution. In fact, HCI literature dis-
plays all possible pair-wise combinations of problem types: 

• Empirical–constructive (e.g., an empirical study with 
implications for design) 

• Empirical–conceptual (e.g., an empirical study to vali-
date a theory) 

• Constructive–conceptual (e.g., prototypes employed to 
explore principles of design) 

• Constructive–empirical (e.g., a technique with a study 
that not only evaluates but contributes to understanding 
of relevant phenomena, factors, and effects) 

• Conceptual–empirical (e.g., a theory or model validat-
ed or refined on the basis of a decisive test) 

• Conceptual–constructive (e.g., novel ways to design for 
theoretically predicted phenomena in interaction) 

High Tolerance for Risk 
Our third observation is that HCI is willing to accept rela-
tively high uncertainty and risk to achieve large gains. In 
principle, the improvement potential represented by a given 
design idea may be unknown and only estimated retrospec-
tively—for example, after market launch. Many visionary 
papers in HCI have entailed great leaps of faith. Consider 
‘Put That There’ [6], which presented a large-display system 
driven by gestures and speech already in the late 1970s, 
decades before the necessary technical capability emerged.  

Society and Industry Shaping ‘Significance’ 
HCI also puts strong emphasis on practical improvement 
potential, responding to everything from the issues of 
stakeholder groups to world problems such as inequality. 
External stakeholders’ problems are often cited with refer-
ence to the significance of research problems. Some solu-
tion types aimed at addressing practical problems present 
design principles, models and simulations predictive of re-
al-world problems, policy advice, and methodology advice.   

More generally, practical problem-solving capacity can be 
thought of in terms of how and how much better the prob-
lem can be solved by the relevant stakeholders of our re-
search, whether end users, practitioners, designers, devel-
opers, or policy-makers. What can they now achieve that 
they were not able to before reading the paper? The five cri-
teria can be brought to bear for practical efforts too. One 
can think about the significance of a solution for such a 
group and the significance for them of the problem at hand. 
Inversely, one can assess the cost for the stakeholder if the 
problem remains unsolved. Consider research on gaze-based 
input for special user groups: A strong argument is that lack 
of such input methods may prevent full participation in 
work or social life. One could also consider quantitative as-
pects of importance, such as how many users the improve-
ment may affect and how frequently they encounter a prob-
lem. For example, in applications of Fitts’ law to keyboard 
optimisation, it was estimated that the QWERTY layout 
causes unacceptably many excessive ‘travel miles’ for the 
fingers, hampering productivity and causing repetitive-
strain injuries. 
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Multiple Forms of Progress  
Research on any two HCI topics may differ greatly in their 
‘distribution’ of types of problem-solving capacities. This 
can confound comparison of outcomes. Are we progressing 
more on topic A or topic B? It may be easy for an outsider 
to dismiss a topic simply by using a different standard for 
problem-solving capacity.  

As an analytical exercise, let us consider two topics, with 
different problem-solving capacities: 1) interruptions and 
disruptions and 2) interaction techniques.  

The research challenges in interruptions research are to de-
fine and characterise the typical interruptions in HCI, ex-
plain the mechanisms that link them to detrimental effects, 
and suggest how to improve HCI by means of design. 
Hence, the topic is a cluster of empirical, conceptual, and 
constructive problems. When it emerged, in the 1990s, most 
papers reported effects of interface designs and conditions 
on interruption costs. Regrettably, these results were elu-
sive: they could disappear upon change in context. In other 
words, the problem-solving capacity was low, as an HCI re-
searcher would not know which solution might hold in a 
given context. In the 2000s, papers started to emerge that 
linked interruptability to known capacity limitations of hu-
man memory and cognition. These papers referred to mech-
anisms such as working memory capacity and threads in 
cognition. These could better explain the preconditions for 
interruptability and the efficacy of design solutions. This 
work has culminated in a series of papers demonstrating 
superior interruption-tolerance for theoretically motivated 
designs in common use contexts, such as driving or desktop 
computing. Work emerged, such as a CHI ’15 Best Paper 
we discuss below, that offered resolutions to some outstand-
ing questions distinguishing theories. Thus, from the prob-
lem-solving angle, one can say that the research in this area 
has been successful in increasing problem-solving capacity 
over two decades of work. It has reached the point where it 
can propose theoretically grounded design solutions for re-
al, complex contexts such as driving. However, on the nega-
tive side, the area has not fared as well in the exploration of 
new design opportunities. The design examples addressed 
in conceptual papers are close to present-day designs in the 
commercial market.  

Compare this to the sub-field of interaction techniques. It 
has been, in broad terms, interested in developing tech-
niques that change means of input and output during inter-
action to enhance user performance and satisfaction. Alt-
hough it has been successful in innovating a plethora of 
new techniques, some of which are actually in use, some re-
searchers have lamented that the research is driven by ‘point 
designs’ and that it cannot explain and generalise principles 
going beyond individual techniques. It is clear that in com-
parison to interruptions research, work in this area has ad-
dressed fewer conceptual problems. However, it is safe to 
conclude that it has explored a much larger design space.  

A SNAPSHOT OF TODAY’S HCI: CHI BEST PAPERS 
To delve more deeply into HCI as a problem-solving field, 
we now look at a sample of recent top papers. We do this to 
provide an overview of where the field is heading currently 
and to emphasise that we are doing a good job as a field, 
when examined through the lens of problem-solving. We 
analysed the 21 Best Papers from the proceedings of the 
2015 ACM Conference on Human Factors in Computing 
Systems (CHI). While Best Papers are a curated, special 
sample, unrepresentative of HCI at large, they give an idea 
of where the field may be heading. The CHI Best Papers are 
the top ‘1% of submissions’, nominated on the basis of re-
view scores and chosen by a committee. 

The two co-authors categorised each paper by the most 
prominent problem type as determined from the key parts 
of the paper. They read central parts of each paper to under-
stand the problem definition and claimed problem-solving 
capacity. Their coding of four papers differed in the first 
round; these disagreements were resolved to arrive at a con-
sensus categorisation.  

The observations can be summarised under the following 
three points, which we expand upon below: 

1. Best Papers focus mostly on empirical and constructive 
types. The conceptual type is under-represented. 

2. All five criteria for problem-solving capacity are men-
tioned as motivations for contributions. However, we 
could not identify any consensus on the criteria, and 
each paper followed its own strategy.  

3. There is a split between addressing practical and theo-
ry-oriented research problems. This contributes to in-
commensurability of HCI research. 

Predominance of Two Problem Types 
We could immediately observe that the majority of papers 
(12) tackle empirical problems. Most describe unknown 
phenomena in human interaction with computers. Vashistha 
et al. [46] studied how community moderation in a voice 
forum for rural India affected uptake and use; Buehler et al. 
[8] surveyed and analysed the assistive technology available 
on a 3D printing platform. In these and other cases (e.g., the 
work of Semaan et al. [43]), the stated motivation lies in 
describing a significant phenomenon in HCI. In addition, 
some empirical papers describe unknown factors shaping 
these phenomena. For instance, Block et al. [4] wrote that 
‘we know very little about factors that contribute to collabo-
ration and learning around interactive surfaces’ (p. 867). 

Eight of the papers are mainly about constructive problems. 
Some constructive papers are tied to a specific technology. 
BaseLase [35] presents a specific mirror design for interac-
tive laser projection on the floor. Other papers focus more 
on the interaction-design principles or concepts behind con-
struction [29,31]. Affordance++ [31] demonstrates a way of 
using electrical muscle stimulation to guide people in how to 
use an object. Some constructive papers are explicit about 
the problems. ColourID [14], a tool for improving colour 
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identification by visually impaired users, is an attempt to 
rectify the fact that existing tools are ‘often slow to use and 
imprecise’ (p. 3543). However, some constructive papers 
just present the solution, leaving the problem implicit (e.g., 
those by Lopes et al. [31] and Weigel et al. [32]. 

Only one Best Paper deals with a conceptual problem. 
Borst and colleagues [7] presented a model of interruptions 
with the explicit aim of reconciling earlier findings through 
an integrated theory. Their paper notes the anomaly that 
earlier results on interruptions need to be reconciled and 
that ‘to improve our understanding of interruptions, these 
studies should be integrated into a cognitive theory’ (p. 
2971) and existing theories explain only some findings 
(e.g., ‘other interruption effects cannot be easily explained 
within memory-for-goals theory’).  

The Best Papers often mix problem types, so the discussion 
above considers the main type of research problem ad-
dressed. Eslami et al. [13], for instance, investigated the ex-
tent to which users are aware of Facebook’s newsfeed algo-
rithm. To do so, they conducted interviews but also con-
structed a system that showed users the consequences of the 
algorithm for their newsfeed. Simm et al. [44] used Tiree 
Energy Pulse, a prototype developed as part of the research, 
to aid in understanding energy forecasting, thereby combin-
ing an empirical problem with a constructive one. 

The glaring absence of Best Papers focusing on conceptual 
problems should cause alarm. Do such papers not get se-
lected as among the best, or is this gap a general one in 
HCI? We also scanned the 98 papers that received an hon-
ourable mention and found only a few among those (e.g., 
by Egelman and Peer [12] and Vatavu and Wobbrock [47]). 
It seems that we rarely identify and address anomalies in re-
search. 

Problem-Solving Capacities: Diverse and Under-defined 
Criteria for justifying a claim of increased problem-solving 
capacity vary. Significance is often clearly spelled out and 
solid arguments for it presented—for instance, in studies of 
fatherhood in social media [1], gender bias in image search 
[24], or perceptions of the newsfeed algorithm on Facebook 
[13]. Effectiveness is often easy to show for constructive 
papers, wherein the demonstration of a particular UI con-
cept or technical realisation often is sufficient to show ef-
fectiveness (this is sometimes called an existence proof 
[16]). For instance, ‘Velocitap’ [48] shows that it is techni-
cally possible to perform sentence-level decoding of 
touchscreen text entry at interactive rates. Other papers 
tackling construction instead evaluate the technical perfor-
mance of the solution or its user experience (there are vari-
ous examples [29,31,35,50]). For empirical problems, 
showing effectiveness convincingly is difficult because 
most pertain to unknown phenomena. Only a few papers 
(such as Semaan et al.’s [43]) go beyond describing those 
phenomena and showing how the descriptions may be used. 
Efficiency is not a big topic in Best Papers. Many construc-
tive papers argue instead for a proof of concept. ‘Velocitap’ 

[48], for instance, states that sentence-based decoding re-
quires immense storage and processing power (a 2 GB lan-
guage model; recognition on an eight-core server), but this 
is not a key concern.  

For constructive problems, transfer is often shown through 
application examples. For Acoustruments [27], a set of pas-
sive plastic devices that can extend the sensing capabilities 
of mobile phones, generalisability is illustrated through nine 
examples of mechanisms. For Affordance++ [31], the use 
of electrical muscle stimulation was applied across several 
types of task. In the paper on iSkin [32] too, various appli-
cations are shown. This seems much more difficult for em-
pirical problems, for which arguments about transfer are 
found in only a few studies. Confidence for the solution is 
addressed in multiple ways, including conducting several 
studies [7,24,48,50], using large samples [4], performing 
long-term follow-up [13], and reporting on implementa-
tion [13,44]. The sample covers this aspect quite well. 

Research and Practical Impacts: Equally Common 
It was striking to learn that about half of the CHI Best Papers 
were written to address practical problems—in particular, 
constructing interactive technology for real-world use. Many 
provide design guidelines [51], concepts [29], and ideas for 
how to improve existing systems [8]. Most of these are about 
empirical problems; it was rare to see a paper tackling a 
construction problem that offered outputs that practitioners 
could take up and use (though exceptions exist [14,50]). 

About half of the papers are explicit about increasing the 
problem-solving capacity of researchers or advancing the 
state of knowledge. For instance, Menking and Erickson 
[33] studied the work of women on Wikipedia, noting how 
‘Wikipedia’s gender gap may relate to prevailing feeling 
rules or participation strategies; at the same time this work 
contributes to advancing Hochschild’s theory of emotions 
work […]’ (p. 208). Some papers also describe implications 
for research methodology [4] and modelling [7,51]. 

MOVING HCI FORWARD 
In light of the discussion so far, we now turn to implications 
for our field. The question we want to address is ‘can we do 
an even better job in HCI research?’. 

More Work on Actionable Theories of Interaction 
Even if HCI puts strong emphasis on construction, its con-
ceptual work has not been powerful enough to drive it. We 
can carry out ever more sophisticated studies, with larger 
samples and more complex set-up, ad infinitum, but without 
conceptual contributions that link empirical findings and 
the design of technology, the results will remain unactiona-
ble. From a problem-solving perspective, without conceptu-
al ‘glue’ to anchor them, constructive contributions readily 
remain point designs and empirical studies point studies. 
Laudan talks about conceptual problems as second-order 
problems, in the sense that we are dealing not directly with 
the world but with descriptions of the world. 
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Our strong recommendation is to put more effort into inte-
grative concepts, theories, methods, and models that can 
link empirical and constructive solutions. This, we believe, 
is required for the ‘motor themes’ to emerge that are called 
upon to fill the ‘big hole’ in HCI research [25]. Without 
such ‘glue’, our research continues to have lower prob-
lem-solving capacity than desired. Empirical research 
should be done in such a way that its hypotheses inform de-
sign, and designs should embody and be driven by empiri-
cally validated hypotheses. However, while it is fruitful to 
strive for integrative types of knowledge, it is healthy to 
remember that work on constructive problems can advance 
also without any hypothesis. And, vice versa, there are nu-
merous examples of theories that lack direct relevance.  

Improvement of Writing Culture 
Our writing culture does not support the problem-solving 
view. The impression from the Best Paper sample was that 
many papers could do a better job in describing the problem 
they are tackling. This is essential from the problem-solving 
angle. Some papers make explicit only the solution (e.g., a 
new technology) or approach (e.g., what they did), neither 
of which is about the research problem. These papers only 
rarely explain how the result would improve our prob-
lem-solving capacity and instead just use language such as 
‘we know little about’, ‘significant gap in knowledge’, and 
‘no researchers have developed systems that’.  

Systematic Improvement of Problem-Solving Capacities 
Problem-solving is not merely a description. It offers a 
‘thinking tool’ for refining research ideas and generating 
better ones. This sets it apart from some previous attempts 
to state the qualities desired in HCI research, which have 
often been normative or silent with regard to idea-generation.  

Firstly, to improve an individual research effort, the five 
criteria for problem-solving capacity can be used ‘prescrip-
tively’ to generate ideas for how to improve. In Table 1, we 
have listed heuristics to assess and nurture problem-solving 
capacity for the problem being considered. There is a row 
for each property of problem-solving capacity, and the col-
umns present related assessment criteria and development 
strategies. These refer to the definitions and criteria given 
above. The table can be applied by assessing the solution 
obtained (if the research has ended) or desired (for planned 
research) and considering whether it could be improved fur-

ther. The list is meant not to be complete but to show that 
metrics and constructive ideas can be generated for each of 
the aspects. The authors of this paper have used these crite-
ria internally to develop and refine research ideas. 

Secondly, problem-solving capacity can be applied to whole 
sub-topics also, to assess them and see opportunities to im-
prove. Let us discuss Fitts’ law as an example. It is one of 
the few thoroughly studied models in HCI and addresses a 
pervasive phenomenon in interaction. Fitts’ law is also rea-
sonably transferable: it has been found to apply across a 
wide variety of devices and contexts (even underwater) 
[45]. Thus, from the perspectives of significance and trans-
fer, Fitts’ law has increased our problem-solving capacity. 
However, it can be criticised from the angles of effective-
ness, efficiency, and confidence. First, Fitts’ law does not 
completely solve the problem of aimed-movement perfor-
mance, because it relies on heavy aggregation of data at the 
task level. It dismisses cognitive factors (e.g., performance 
objective) and dynamics of motion (e.g., trajectory, variabil-
ity, and force used). It is not an efficient solution either, be-
cause its free parameters must be calibrated for each task 
and context. Also, these parameters are fragile. One can go 
so far as to claim that these shortcomings limit Fitts’ law to 
interpolation within a set of empirical data and it fails to be 
a truly predictive model. To advance problem-solving ca-
pacity in this line of research, the effectiveness and effi-
ciency of the modelling approach should be improved.  

Thirdly, although the problem-solving view does not en-
compass a notion of pseudo-science, it can steer the re-
searcher to avoid pathological practices. These are defined 
by Irving Languir as wishful thinking, fraud, exaggeration 
of effects, and ad hoc excuses. The problem-solving view 
may aid in avoiding these via three means: 1) by asking re-
searchers to explicate their research problems, as opposed 
to just presenting results; 2) by providing criteria for out-
comes that entail going beyond ‘point designs’, ‘novelty’, 
and ‘existence proofs’; and 3) by driving researchers to pre-
sent more solid evidence and thereby increase confidence.  

Rethinking What Constitutes ‘Good’ Research 
HCI has tended to develop and adopt superficial criteria for 
evaluating its research and for its goal-setting. Some of the-
se may have been outright damaging. While HCI has been 
called an interdisciplinary or trans-disciplinary field, a par-

 

Criterion Evaluation Criteria  Heuristics for Refining Ideas 
Significance  Number of stakeholders involved; importance of the im-

provement for stakeholders; costs incurred when the im-
provement is not achieved 

Target a different stakeholder group or a larger number of stake-
holders; aim at a greater improvement over the present baseline; 
report on direct comparisons against baseline solutions  

Effectiveness Capture the essential aspects of the problem; match be-
tween evaluation metrics and priorities 

Use multiple evaluation criteria and richer evaluation contexts; val-
idate evaluation criteria; address unnoticed real-world difficulties  

Efficiency How much effort or resources it takes to create or deploy 
the solution; scalability; size 

Develop tools for practitioners; share datasets and code; reduce 
price/cost 

Transfer Number of users, tasks, and contexts for which the solution 
can be applied; qualitatively new contexts wherein the solu-
tion can be applied 

Identify and target new user groups, contexts, or tasks; demon-
strate broad-based generalisability 

Confidence Empirical validity; reliability; replicability; reproducibility; ro-
bustness 

Replicate the result in different contexts; report on different met-
rics for judging validity and reliability; allow reanalysis  

Table 1. Some heuristics for assessing and contributing to evolution of problem-solving capacity in a research project.  
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adox exists: these views tend to lock us into the belief sys-
tems of the informing disciplines. The problem-solving 
view is inherently trans-disciplinary or, rather, non-
disciplinary, because it makes no reference to such demar-
cations and belief systems. The empirical problem type 
does not differentiate among psychological, sociological, 
quantitative, qualitative, and other stances that have divided 
the ranks in the past. The conceptual problem type does not 
distinguish between knowledge produced by design probes 
and that generated via cognitive models. The constructive 
problem type does not differentiate among problems of ‘de-
sign’, ‘engineering’, and ‘computer science’ type. What 
matters is how problem-solving capacity is improved. In its 
ignorance of disciplines, problem-solving runs counter to 
many existing conceptualisations of HCI that address its 
development and its modus operandi. We believe problem-
solving offers a fresh counter-argument to some superficial 
criteria held up in HCI.  

For example, some analyses of HCI view its progress as di-
alectical, from thesis to antithesis to synthesis. Consider the 
‘three waves’ [5] or ‘four epochs’ of HCI [42] or the vari-
ous ‘turns’ (e.g., to practice [26] or to the wild [10]). Ac-
cording to these analyses, HCI research started with classical 
cognitivism but, on account of its limitations, evolved 
through other stages. The problem-solving view does not 
clash with an appreciation for dramatic changes in technol-
ogy, user groups, contexts, and activities; such would shape 
the landscape of important problems. As new problems 
emerge, old solutions may lose some of their significance 
and generalisability. However, it is a categorical mistake to 
suggest that the old problems have completely lost their 
significance or solutions their capacity. There are many re-
curring phenomena in interaction that will stay, and have 
stayed, central to interaction—even with radical evolution 
of technologies and contexts. Various practical problems 
have persisted since the early days of HCI—for instance, 
writing (a document such as this ). Sudden ignorance of 
previous results decreases the problem-solving capacity we 
possess as a field. 

Further damaging dogma has involved design implications, 
which have at times been taken as a token of our mul-
ti-disciplinarity. Whilst Dourish [11] has argued that not all 
papers must present implications, informal observations 
suggest that some reviewers and research assessment crite-
ria still emphasise them. From the problem-solving angle, 
design implications might be one useful way of informing 
practical efforts in an efficient and transferable manner; 
they might also be a way of spelling out the practical impli-
cations of the solutions a paper describes. However, the 
drawbacks of stating design implications may overshadow 
the benefits. Design implications are little more than inco-
herent lists of if-then rules. Their capacity to change design, 
which consists of multiple, interrelated decisions, is limited. 
At the same time, they trivialise empirical findings. So, 
while they should be allowed, there should be no require-
ment to present them.  

We also see no reason to favour models over other forms of 
theorising. One previously prominent view was that HCI 
should be model-driven and aim at prediction and control. 
Key proponents of this argument were Newell and Card [36]; 
early critics included John Carroll [9]. The problem-solving 
view both agrees and disagrees with it—without commit-
ting a logical fallacy. On one hand, models are effective 
representations of hypotheses, they succinctly explain em-
pirical phenomena, and they allow deriving rich implica-
tions for design. They are a powerful form of theorising that 
does not let design ‘off the hook’. Models may increase 
conceptual, empirical, and constructive problem-solving 
capacity. On the other hand, later criticism has been correct 
in pointing out that the ‘hard science’ stance is too narrow. 
From the Laudanesque standpoint, it limits the prob-
lem-solving capacity of HCI as a field. Models simply can-
not address all types of research problems we must address.  

Finally, one damaging criterion in assessment of HCI pa-
pers has been novelty. This has a strong role in the call for 
papers and discussions at programme committee meetings. 
However, novelty is only correlated with problem-solving 
capacity: A paper can improve that capacity tremendously 
without being novel. A paper may be novel without increas-
ing problem-solving capacity at all! We admit that novelty 
is relevant for subtype 1 contributions. The prevalence of 
this type of contribution tends to reflect our evaluation cri-
teria but also the rapidly evolving technological landscape. 
From the CHI’15 sample, it is clear that sometimes demon-
strations of novel concepts for interaction help us engineer 
new solutions (as with Affordance++); in some cases, empir-
ical studies are the first to reveal a phenomenon that will in-
spire later research and inform practice (e.g., gender bias in 
image search). The issue is confusion of a surface feature 
with progress. Novelty drives researchers to maximise the 
number of subtype 1 problems but not the capacity to solve 
them. One ends up with a strong landscape of subtype 1 but 
leaving the rest unaddressed. A healthier balance must be 
found, with the intensification of efforts around problems 
that are found to be important. ‘Grand challenges’, or 
commonly agreed upon problems, offer one vehicle for 
such co-ordinated efforts. 

LIMITATIONS AND CRITIQUES OF PROBLEM-SOLVING  
Problem-solving offers a comprehensive and actionable ac-
count of the majority of HCI research. However, the view 
comes with its own subscriptions and limitations. To con-
clude, we review and respond to objections collected from 
presentations and interactions with other HCI researchers.  

– Problem-solving takes HCI down the road of solutionism, 
as described and critiqued by Morozov [34]. 

We have gone to some length to define problem and solu-
tion to avoid confusion with narrower, more pragmatic con-
cepts—for instance, design problem and user problem. We 
are not calling for research centred on these. Our view 
acknowledges the need to study interaction purely because 
of conceptual interests, to develop designs purely to ex-
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plore, and to study empirical phenomena purely to learn. 
These are all subsumed within the notion of ‘research prob-
lem’.  

– It does not establish HCI as a discipline that has clear 
overlaps with and boundaries to other disciplines.  

We reject the notion that HCI can be defined by enumerat-
ing which other fields it involves. Rather, it should be de-
lineated by its subject of enquiry, purposes, and characteris-
tics. 

– It ignores the role of art in HCI.  

Some artistic endeavours can be described as problems and 
solutions. Consider the problem of designing an installation 
that triggers some experience in visitors. Aesthetic objec-
tives in design may be analysed as constructive problems, 
too. However, artists may resist this description. 

– Many scientific discoveries and innovations arise from 
curiosity, not problem-solving. 

Problem-solving does not preclude curiosity. It values re-
search—and even ‘blue sky research’—that identifies prob-
lems, which is often curiosity-driven. Identifying problems 
is a precondition for solutions’ appearance later. However, 
we agree that problem-solving does not encourage curiosity 
in any way, simply because it is silent about those activities 
that lead researchers to formulate their problems. 

– Certain topics, such as user experience, cannot be de-
scribed as problems and solutions, because they pertain to 
unmeasurable and subjective qualities. 

Several good examples in HCI illustrate that subjectivity and 
non-measurability may slow increases in problem-solving 
capacity at first but need not prevent improvements. One 
such example is the notion of cognitive workload, which 
has now been defined and instrumented to such a level that 
we routinely use this concept in our research (e.g., the TLX 
questionnaires). Addressing subjective qualities in comput-
er use is a requirement for any serious theory of HCI. 

– HCI problems tend to be messy. How does prob-
lem-solving fare with ill-defined or ‘wicked’ problems? 

Although new topics tend to be vague and poorly under-
stood at first, we disagree with the contention that HCI re-
search should stay messy. Better-formulated problems and 
better solutions improve clarity, too. 

– Many research contributions have been visions, not solu-
tions. Consider Memex and ubiquitous computing. 

We have argued that such visions can be described as con-
ceptual and constructive problems of subtype 1 (i.e., im-
plausibility or no known solution). While problem-solving 
recognises this contribution type as key, it is true that it says 
nothing about how they should be generated. 

– The view is iffy and leads to a lot of ‘on one hand’ and 
‘on the other hand’. Does it allow a stronger stance on HCI? 

Perhaps the weakest aspect of Laudan's work is that without 
consensus on what is important, we cannot define prob-
lem-solving capacity, because we cannot assess ‘signifi-
cance’. More generally, we must accept that some elements 
of problem-solving capacity are going to be subjective and 
debatable. What may be significant and efficient for one 
stakeholder may be very different for somebody else.  

– An important goal of HCI research is not problem-solving 
but impact on society and industry. 

Problem-solving capacity can be assessed also for stake-
holders outside the research community. The challenge is to 
translate their problems into research problems. It is re-
grettable that Laudan offers little guidance for this transla-
tion process. One might ask, though, why universities 
should attempt to solve industry's problems. 

CONCLUDING REMARKS 
What we think HCI research is and is not greatly affects our 
conferences, journals, papers, funding applications, super-
vision, thesis topics, and careers. This paper has advanced 
the view that HCI research is about solving problems relat-
ed to human use of computing. We have shown how the ex-
tent to which HCI does this can be used to analyse individ-
ual papers as well as entire research programmes. The prob-
lem-solving view can also generate ideas for research and 
provides a fresh view of longstanding debates on what HCI 
research is. We hope it will generate new debate, too.  

The problem-solving view should be judged as any other 
HCI research contribution: by looking at a) the problem it 
tackles and b) the increase in problem-solving capacity it 
offers. We have argued, and given initial evidence, that the 
problem-solving view aids in addressing such problems in 
HCI; indeed, it helps us begin tackling some of the grand 
conceptual problems of current HCI, including what HCI 
research is (problem-solving), what good HCI research is 
(solutions that increase problem-solving capacity), and how 
to move our field forward (bridge the empirical and the 
constructive). We make no pretence that problem-solving 
applies to all HCI research or solves all problems. But we 
do believe it provides some great first questions for any pa-
per or research programme in HCI: Which problems does it 
tackle, and how does it increase our capacity to solve them? 
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Kasper Hornbæk 
University of Copenhagen, Denmark 

 
lectual enigma pertaining  to what HCI is: There is no ac- 

This essay contributes a meta-scientific  account of human– 
computer  interaction  (HCI)  research  as  problem-solving. 
We build on the philosophy of Larry Laudan, who develops 
problem  and solution  as the foundational  concepts  of sci- 
ence. We argue that most HCI research is about three main 
types of problem:  empirical,  conceptual,  and constructive. 
We elaborate upon Laudan’s concept of problem-solving 
capacity  as a universal  criterion  for  determining  the  pro- 
gress of solutions (outcomes): Instead of asking whether re- 
search is ‘valid’ or follows the ‘right’ approach, it urges us to 
ask how its solutions advance our capacity to solve important 
problems in human use of computers. This offers a rich, gen- 
erative, and ‘discipline-free’ view of HCI and resolves some 
existing debates about what HCI is or should be. It may also 
help unify efforts across nominally disparate traditions in 
empirical research, theory, design, and engineering. 

 
Author Keywords 
Human–computer interaction; Problem-solving; Scientific 
progress; Research problem; Larry Laudan 

 
ACM Classification  Keywords 
H.5.m. Information  interfaces and presentation  (e.g., HCI): 
Miscellaneous 

 
INTRODUCTION 
The spark for writing this essay comes from feelings of 
confusion,  and  even  embarrassment,  arising  in describing 
our field to students and other researchers. What is human– 
computer  interaction  (HCI) as a field? As numerous  ideas 
and disciplines contribute to HCI, its unique character is 
elusive. Although HCI is in intellectual debt to many other 
fields,  few would  agree that it reduces  to them. It has its 
own subject of enquiry, which is not part of the natural or 
social sciences. It does not belong to engineering, computer 
science, or design either. So what is it? 

 

The essay has a grand ambition: to develop a conceptually 
coherent account of the ‘95% of HCI research’.  We know 
of no other paper offering an attempt to address the field as 
a whole. We are motivated first and foremost by the intel- 
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cepted  account  that  would  tell  how  HCI’s  numerous  ap- 
proaches contribute to pursuit of shared objectives. In con- 
trast, HCI has been criticised for lack of ‘motor themes, 
mainstream topics, and schools of thought’ [25] and for be- 
ing fragmented  ‘across topics, theories, methods, and peo- 
ple’ [38]. Consequently,  some have called for ‘a hard sci- 
ence’  [36],  others  for  ‘strong  concepts’  [19]  or  an  ‘in- 
ter-discipline’  [3]. These are serious concerns with serious 
implications for the field. 
 

Why bother with a meta-scientific  paper at a technical con- 
ference?  Because  the stakes are high. Philosophies  of sci- 
ence are at worst an impotent topic worthy of hallway con- 
versations. But if the critics are right, our field is seriously 
crippled,  from the project level to the larger arenas of re- 
search Realpolitik. Lacking a coherent view of what HCI is, 
and what good research in HCI is, how can we communi- 
cate results to others, assess research, co-ordinate efforts, or 
compete? In addition, as we show, philosophical  views of- 
fer thinking tools that can aid in generating ideas and gen- 
erally enhance the quality of research. 
 

The  contribution   here  lies  in  describing   HCI  as  prob- 
lem-solving.  An overview  is given  in Figure  1. The view 
originates from Larry Laudan’s philosophy of science [28]. 
Laudan describes scientific progress in terms of two foun- 
dational concepts: research problem and solution. Laudan's 
‘problem’ is not what we mean by the term in ordinary lan- 
guage. It is defined via inabilities and absences occurring in 
descriptions;  knowledge;  or, as often in HCI, constructive 
solutions.  For  example,  a  research  problem  may  involve 
lack  of  understanding  of  how  colour  schemes  on  a  web 
page affect the aesthetic experience of its use. More gener- 
ally, Laudan’s  research  problem  subsumes  what we tradi- 
tionally understand  in HCI as a ‘design problem’  but also 
problems to do with theory and empirical research. 
 

Most of our argumentation builds on a concept put forth by 
Laudan that links problems with solutions: problem-solving 
capacity. For Laudan, a solution is something special, too. 
In the above-mentioned  case of aesthetic perception of web 
pages,   possible   solutions   range   from   descriptions    of 
self-reports to models of aesthetic impressions. These solu- 
tions change the status of the inabilities and absences but in 
different  ways. Laudan  qualifies  this in terms of improve- 
ments to problem-solving  capacity. This is counter to some 
traditional notions of progress [28, p. 14]: 
 

In appraising  the merits of theories, it is more important 
to ask whether  they constitute  adequate  solutions  to sig- 
nificant problems than it is to ask whether they are ‘true’, 
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Figure 1. This paper analyses HCI research as problem-solving.  Scientific progress in HCI is defined as improvements  in our 
ability to solve important problems related to human use of computing. Firstly, a subject of enquiry is defined and its im- 

provement potential analysed. Then, a research problem is formulated. The outcome of the research (i.e., the solution) is evalu- 
ated for its contribution  to problem-solving  capacity defined in terms of five criteria. 

 

‘corroborated’,  ‘well-confirmed’  or  otherwise  justifiable 
within the framework of contemporary epistemology. 

 

With this definition, the benefit of problem-solving is that it 
allows covering a wider scope of research than previous ac- 
counts, which have been restricted to certain disciplines, 
topics, or approaches (e.g., research-through-design  [53], 
interaction  criticism  [2], usability  science  [15], or interac- 
tion science [21]). However, because Laudan developed his 
view  with natural  and social  sciences  in mind,  he missed 
design  and engineering  contributions.  Extending  Laudan’s 
typology to propose that research problems in HCI include 
not only empirical and conceptual but also constructive 
problems,  we  present  the  first  typology  developed  to en- 
compass  most  recognised  research  problems  in HCI.  It is 
now possible  to describe  research  contributions  regardless 
of the background  traditions,  paradigms,  or methods.  The 
seemingly  multi- or, rather, hyper-disciplinary  field is—in 
the end—about solving three types of problem. This reduc- 
es the number of dimensions dramatically when one is talk- 
ing about HCI. 

 

Having built the conceptual foundation, we return to answer 
four  fundamental  questions:  1)  What  is HCI  research,  2) 
what is good HCI research, 3) are we doing a good job as a 
field, and 4) could we do an even better job? 

 

We  aim  to show  through  these  discussions  that  Laudan's 
problem-solving  view is not just ‘solutionism’.  It offers a 
useful,  timeless,  and actionable  non-disciplinary  stance  to 
HCI. Instead  of asking whether  research  subscribes  to the 
‘right’ approach,  a system is ‘novel’, or a theory is ‘true’, 
one asks how it advances our ability to solve important 
problems relevant to human use of computers.  Are we ad- 
dressing  the  right  problems?  Are  we  solving  them  well? 
The view helps us contribute to some longstanding debates 
about HCI. Moreover, we show that the view is generative. 
We  provide  ideas  on  how  to  apply  it as  a thinking  tool. 
Problem-solving capacity can be analysed for individual 
papers or even whole sub-topics and the field at large. It al- 

 

so works as a springboard  for generating  ideas to improve 
research agendas. 
 

We conclude on a positive note by arguing that HCI is nei- 
ther unscientific  nor non-scientific  (as some have claimed 
[40]) or in deep crisis [25]. Such views do not recognise the 
kinds   of   contributions   being   made.   Instead,   on   many 
counts, HCI has improved problem-solving  capacity in hu- 
man use of computing  remarkably  and continues to do so. 
However, as we show, these contributions tend to focus on 
empirical  and constructive  problem  types. In a contrast  to 
calls  for HCI  to be more  scientific  [21],  interdisciplinary 
[3], hard [36], soft [9], or rigorous [40], the systematic 
weakness  of HCI is, in fact, our inability  to produce  con- 
ceptual contributions (theories, methods, concepts, and 
principles) that link empirical and constructive research. 
 
THREE TYPES OF RESEARCH PROBLEM IN HCI 
Our first point is that the key to understanding HCI as prob- 
lem-solving is the recognition that its research efforts clus- 
ter around  a few recurring  problem  types.  We effectively 
‘collapse’ the (apparent) multiplicity of research efforts un- 
der a few problem types. This not only simplifies HCI but 
also transcends some biasing presumptions arising from 
methodology,  theory, or discipline. One can now see simi- 
larities and differences between, say, an observational study 
of a novel technology and a rigorous laboratory experiment, 
without being bound by their traditions. 
 

In this section, we 1) introduce Laudan’s notion of research 
problem briefly, 2) extend his typology to cover engineer- 
ing and design contributions to HCI, and 3) argue that con- 
tributions in HCI can be classified via this typology. 
 

Laudan originally distinguished  only two types of research 
problem—empirical  and  conceptual.  These  are defined  in 
terms  of  absence  or  inabilities  to  understand  or  achieve 
some ends. As we argue below, the two types are applicable 
also to HCI. However, to not let design ‘off the hook’, HCI 
should cover engineering and design contributions. This as- 
pect is clear in almost all definitions of HCI as a field, in- 
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Figure 2. The problem-solving  view ‘collapses’ research problems 
in HCI into three main categories, each with three subtypes. 

 
cluding that of the 1992 ACM Curriculum  [18]. We there- 
fore propose adding a constructive  problem type. An over- 
view is given in Figure 2. This typology is orthogonal to the 
well-known  Pasteur's  Quadrant,  which  constitutes  an  at- 
tempt to bridge the gap between applied and basic research 
by suggesting ‘use-inspired basic research’ as an acceptable 
type.  In  our  view,  in  HCI,  all  problems  are  (somehow) 
use-inspired and the quadrant offers little insight. 

 
Empirical Problems 
The landscape is replete with empirical problems, across all 
HCI venues, from studies of how people use mouseover to 
embarrassing   experiences   with  technology   and  effective 
ways of crowdsourcing  contributions.  Nevertheless,  this is 
perhaps the most straightforward type to define: 

 

Definition: Empirical research is aimed at creating or 
elaborating  descriptions  of real-world  phenomena  related 
to human use of computing. 

 

Laudan cites three characteristic subtypes: 
 

1.    unknown phenomena 
2.    unknown factors 
3.    unknown effects 

 
Qualitative research, ethnography in particular, is an ap- 
proach  often followed  to shed light on novel  phenomena. 
An example  is the 1996 TOCHI article ‘A Field Study of 
Exploratory  Learning  Strategies’  [41], which  reported  ob- 
servations  of how users explore  software.  The constituent 
factors of phenomena,  however, can be exposed only after 
the ‘carrier’, the phenomenon,  has been identified. Consid- 
er, for example, the paper ‘Distance Matters’ [37]: it cata- 
logues phenomena and factors that affect mediated human- 
to-human communication.  Finally, after identifying factors, 
one can measure and quantify their effects on something of 
interest. A common example is evaluative  studies wherein 
statistical inference is used to quantify the most potent ef- 
fects. One could cite fisheye menus here—though there is a 
great  deal  of knowledge  about  the  technique  and  how  to 
implement  it, a study that evaluated  its usability  found no 
benefits of this technique [20]. 

 
Conceptual Problems 
Conceptual problems are non-empirical; they involve issues 
in theory development  in the most general sense. They are 
also what Laudan calls second-order problems: their sub- 
stance does not pertain to the world directly, unlike empiri- 

cal problems. Conceptual  problems might involve difficul- 
ties in explaining  empirical  phenomena,  nagging  issues in 
models of interaction, or seeming conflicts between certain 
principles  of  design.  Fitts’  law  [45]  is  perhaps  the  most 
well-known example. It is a statistical model connecting 
aimed-movement  performance (speed and accuracy) to two 
properties of a user interface that designers can affect: dis- 
tance to and width of selection  areas such as buttons. The 
research problem it solves is how performance in aimed 
movement is connected to task demands imposed by a UI. 
 

We offer the following, more general definition: 
 

Definition:  Work  on  a  conceptual  research  problem  is 
aimed  at explaining  previously  unconnected  phenomena 
occurring in interaction. 

 

Responses  to  this  type  of  problem  include  theories,  con- 
cepts, methods,  principles,  and models. Furthermore,  Lau- 
dan distinguishes among three characteristic subtypes: 
 

1.    implausibility 
2.    inconsistency 
3.    incompatibility 
 
We discuss each subtype with well-known  examples  from 
HCI literature. Implausibility means that the phenomenon is 
unreasonable,  improbable,  or lacking an explanation.  Con- 
sider the 1985 paper in HCI Journal  entitled  ‘Direct  Ma- 
nipulation Interfaces’ [22], whose authors sought to explain 
why  GUIs  felt  more  direct  and  command-language  inter- 
faces felt more indirect. Inconsistency means that a position 
is inconsistent with data, with itself, or with some other po- 
sition. For example,  empirical  research  on privacy in HCI 
led to an account of privacy as a reciprocal process among 
two or more parties to communication  [11]. This observa- 
tion countered the then-more-common  view that privacy is 
a state  or property  attributable  to a technological  system. 
Finally, incompatibility means that two positions have as- 
sumptions that cannot be reconciled. The debate [52] about 
using throughput (TP) as a metric for pointing performance 
falls into this category. Two scholars proposed two metrics 
that entailed partially incompatible interpretations of the 
concept and guidance on how to analyse data. 
 
Constructive Problems 
We extend the typology of problems with a third type: 
 

Definition:  Constructive  research  is aimed  at producing 
understanding  about the construction of an interactive ar- 
tefact for some purpose in human use of computing. 

 

We put emphasis on understanding: the objective is not the 
construction  itself but the ideas or principles  it manifests. 
This problem type covers some of the sub-areas of HCI 
showing the most vitality at conferences, including interac- 
tive systems,  interactive  applications,  interface  and sensor 
technology, interaction techniques, input devices, UI design, 
interaction design, and concept design. Importantly, this 
problem type cuts across design and engineering, both exten- 
sive topics. We further distinguish three subtypes: 
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1.    no known solution 
2.    partial, ineffective, or inefficient solution 
3.  insufficient knowledge or resources for implementation 

or deployment 
 

To provide examples of each, we look at recent research on 
tangible and surface computing. The CHI ’97 paper ‘Tangi- 
ble Bits’ [23] contributed both a novel technical concept for 
interaction and the first ideas of technical solutions to a prob- 
lem for which there were none at the time of writing (subtype 
1). Generally, work innovating novel concepts for interaction 
falls into this category. The second subtype is more typical 
of engineering  papers  but also found in design-driven  pa- 
pers aimed at improving existing interactions. For example, 
the CHI ’01 paper  ‘SenseTable’  [39] offered  a new elec- 
tromagnetic  tracking method with better performance  than 
computer-vision-based methods for tangible interaction. 
Generally,  papers  presenting  improved  solutions  for some 
aspect of interaction  fall into this category.  The third sub- 
type involves  inability to implement  or deploy, which can 
be caused by lack of knowledge or resources. For example, 
a CHI'09  paper described  the iterative  design and deploy- 
ment of WeSpace [49], a collaborative multi-surface system. 

 
PROBLEM-SOLVING CAPACITY OF HCI RESEARCH 
The three-part typology would be sterile if it did not offer 
some way to assess also the results of research. That is, it 
should enable us to answer the question ‘what is good HCI 
research?’. This is where we arrive at Laudan’s key concept 
for understanding solutions: problem-solving capacity. 

 

To Laudan, the outcomes, findings, and results of research 
are solutions that solve research problems but with capaci- 
ties. One can informally think of problem-solving  capacity 
as ‘solution strength’: A weak paper addresses an insignifi- 
cant problem and solves it inefficiently,  while raising con- 
cerns about validity. A strong one offers a generalisable and 
efficient  solution  to an important,  recurring  problem.  Be- 
cause this notion can be used to assess research and gener- 
ate   ideas   for   its   improvement,   it   elevates   the   prob- 
lem-solving view from a descriptive status to prescription. 

 
Five Aspects of Problem-Solving  Capacity 
Laudan discussed four criteria for problem-solving  capaci- 
ty. To account for concerns about validity and reliability in 
HCI, we propose adding a fifth, to produce this list: 

 

1.    significance 
2.    effectiveness 
3.    efficiency 
4.    transfer 
5.    confidence 

 
Significance means that a solution addresses a problem that 
is important to the stakeholders of the research—be they re- 
searchers  or practitioners  or end  users.  Early  research  on 
cognitive  models  is a well-known  example.  While  it suc- 
cessfully addressed the common types of interaction in the 
1980s, it was criticised in the 1990s for being mired in in- 
significant problems as new interactions and contexts of use 

emerged [42]. Laudan did not present a metric for signifi- 
cance, but there are many reference points used in HCI. A 
significant  intrinsic  problem  for researchers,  for example, 
might be the problem of what ‘interaction’ is. It is, howev- 
er, quite characteristic  of HCI that the discipline’s  signifi- 
cance  is gauged  by reference  to broader  issues  in society 
and industry. Our experience is that such significance is ar- 
gued for by reference to survey data from users and some- 
times in terms of avoiding some costs (e.g., accidents) or of 
profitability. It is common, nonetheless, for numerical esti- 
mates not to be available, especially when one is considering 
novel technology. In such cases, arguments for significance 
are often speculative and assume the risk that the technolo- 
gy  or phenomenon  in question  may  not  materialise.  This 
feature  distinguishes  HCI  from  some  neighbouring  fields, 
such as human factors, that put more emphasis on realism. 
 

Effectiveness  means that the solution resolves the essential 
aspects of the stated problem. A weak contribution omits or 
misconstrues influential aspects of the problem. Proponents 
of the distributed cognition view, for example, criticised the 
cognitive science prevailing at the time for inability to ex- 
plain how individuals and organisations perceive, attend, or 
remember in real-world environments.  The new theory was 
an attempt to explain how environmental constraints and re- 
sources, together with habits and practices, contribute to 
faculties that were previously attributed to the mind. 
 

Efficiency refers to the costs of applying a solution relative 
to the gains achieved. Mathematical models, design heuris- 
tics, and reports of errors in usability tests are relatively in- 
expensive to apply, even if not easy to come by. In contrast, 
while  detailed  second-by-second  interaction  analyses  may 
be comprehensive (and thereby effective), they are often 
cumbersome to obtain and hard to apply. 
 

Laudan also talks about transfer, or how well the solution 
transfers to neighbouring problems or other instances of the 
problem.  Perhaps  the most ‘transferable’  solutions  in HCI 
are  the  user-centred  design  method  and  usability  testing 
(see Lindgaard [30]). Both are almost universally applicable 
in design projects, although one may question the other as- 
pects of their problem-solving capacity. 
 

We add the criterion of confidence,  referring to the proba- 
bility that the proposed solution holds. As do the other four 
criteria, this one too cuts across the three problem types. In 
empirical  research,  confidence  is affected  foremost  by va- 
lidity and reliability.  Perhaps the wrong statistical test was 
used, or missing data were ignored. Such flaws increase the 
risk that the result does not hold beyond the study in ques- 
tion. In theoretical  work,  omissions,  such  as forgetting  to 
address certain prominent factors, counter-arguments,  or as- 
sumptions  about unlikely  conditions,  decrease  confidence. 
In  constructive  research,  confidence  is  affected  by  argu- 
ments as to how well the solution addresses issues that may 
work  against  it. For example,  engineers  would  talk about 
the ‘robustness’  of a solution  and a designer  might  argue 
that a given design is suitable for different contexts. 
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HCI RESEARCH AS A PROBLEM-SOLVING FIELD 
To summarise, problem-solving  capacity refers to our abil- 
ity to solve  important  research  problems  effectively,  effi- 
ciently, and with high confidence  in the solutions’  validity. 
With this concept, HCI can now be characterised as a prob- 
lem-solving field with its own unique 1) subject of enquiry, 
human use of computing; 2) research problems; 3) types of 
problem-solving  capacity pursued;  and 4) achievements  in 
improving problem-solving  capacity. We offer a very high- 
level view of the first three below. 

 

Firstly, building on the three problem types outlined above, 
we can define a research problem in HCI thus: 

 

Definition:  A research problem in HCI is a stated lack 
of understanding about some phenomenon in human use 
of computing, or stated inability to construct interactive 
technology   to  address   that  phenomenon   for  desired 
ends. 

 

This definition recognises at least 1) designers and innova- 
tors and their emphasis on the construction; 2) empirical re- 
searchers and their emphasis on methods and reliable 
knowledge;  and 3) scientists  with their emphasis  on theo- 
ries,  concepts,  and  models.  We  have  already  stated  that 
what makes HCI unique among the fields looking at human 
use of computing  (others include human factors and infor- 
mation systems) is that it places a real and strong emphasis 
on constructive problems. In this respect, it is closer to de- 
sign and engineering fields. 

 

This  view  of  HCI  as  a field  differs  from  what  might  be 
formed  from reading  some traditional  philosophies  of sci- 
ence. As in Thomas Kuhn's notion of scientific paradigms, 
sometimes HCI is described in terms of parallel paradigms 
[17]. This, however, may justify fortresses and thereby pre- 
vent  critical  evaluation  of  work:  ‘You  don’t  understand 
where I come from; therefore, you are not competent to cri- 
tique my results.’ Moreover, this does not encourage the 
various camps to work together to solve problems that, es- 
pecially in HCI, require contributions from multiple angles. 
Thinking in terms of problem-solving  capacity puts all tra- 
ditions on equal footing by ignoring them and considering 
1)   the   problems   and   2)   the   problem-solving   capacity 
achieved. Similarly, Karl Popper's critical rationalism calls 
for subjecting theories to rational critique and decisive em- 
pirical  tests.  Similar  ideas  can  be  seen  in  recent  debates 
around HCI—for example, in the discussion surrounding 
reproducibility  or research and the call for more theorising 
and scientific discovery in HCI [21]. In the problem-solving 
view, such activities are important but should not preclude 
others, such as construction or identification of problems. 

 
Mixing Problem Types in Papers 
The most immediate  observation  about HCI papers is that 
they often involve two problem types. Consider a paper 
presenting a novel construction. In addition, it may describe 
evaluative  studies whose purpose is to understand  interac- 

tion allowed by the new solution. In fact, HCI literature dis- 
plays all possible pair-wise combinations of problem types: 
 
• Empirical–constructive  (e.g., an empirical study with 

implications for design) 
• Empirical–conceptual  (e.g., an empirical study to vali- 

date a theory) 
• Constructive–conceptual  (e.g., prototypes employed to 

explore principles of design) 
• Constructive–empirical  (e.g., a technique with a study 

that not only evaluates but contributes to understanding 
of relevant phenomena, factors, and effects) 

• Conceptual–empirical  (e.g., a theory or model validat- 
ed or refined on the basis of a decisive test) 

• Conceptual–constructive  (e.g., novel ways to design for 
theoretically predicted phenomena in interaction) 

 
High Tolerance for Risk 
Our third observation  is that HCI is willing to accept rela- 
tively high uncertainty  and risk to achieve  large gains. In 
principle, the improvement potential represented by a given 
design idea may be unknown and only estimated retrospec- 
tively—for example, after market launch. Many visionary 
papers in HCI have entailed  great leaps of faith. Consider 
‘Put That There’ [6], which presented a large-display system 
driven by gestures and speech already in the late 1970s, 
decades before the necessary technical capability emerged. 
 
Society and Industry Shaping ‘Significance’ 
HCI  also  puts  strong  emphasis  on practical  improvement 
potential, responding to everything from the issues of 
stakeholder  groups  to world  problems  such  as inequality. 
External stakeholders’  problems are often cited with refer- 
ence to the significance  of research  problems.  Some solu- 
tion types  aimed  at addressing  practical  problems  present 
design principles, models and simulations  predictive of re- 
al-world problems, policy advice, and methodology advice. 
 

More generally, practical problem-solving  capacity can be 
thought of in terms of how and how much better the prob- 
lem can be solved  by the relevant  stakeholders  of our re- 
search, whether end users, practitioners, designers, devel- 
opers,  or policy-makers.  What  can they now  achieve  that 
they were not able to before reading the paper? The five cri- 
teria can be brought  to bear for practical  efforts  too. One 
can  think  about  the  significance  of a solution  for  such  a 
group and the significance for them of the problem at hand. 
Inversely, one can assess the cost for the stakeholder if the 
problem remains unsolved. Consider research on gaze-based 
input for special user groups: A strong argument is that lack 
of  such  input  methods  may  prevent  full  participation  in 
work or social life. One could also consider quantitative as- 
pects of importance, such as how many users the improve- 
ment may affect and how frequently they encounter a prob- 
lem. For example, in applications of Fitts’ law to keyboard 
optimisation,  it  was  estimated  that  the  QWERTY  layout 
causes unacceptably  many excessive  ‘travel miles’ for the 
fingers,   hampering   productivity   and   causing   repetitive- 
strain injuries. 



Problem-solving or not? The Boundaries of HCI Research #chi4good, CHI 2016, San Jose, CA, USA 

4961 

 

 

 
 

Multiple Forms of Progress 
Research on any two HCI topics may differ greatly in their 
‘distribution’  of types  of problem-solving  capacities.  This 
can confound comparison of outcomes. Are we progressing 
more on topic A or topic B? It may be easy for an outsider 
to dismiss a topic simply by using a different standard for 
problem-solving capacity. 

 

As an analytical  exercise,  let us consider  two topics, with 
different problem-solving capacities: 1) interruptions and 
disruptions and 2) interaction techniques. 

 

The research challenges in interruptions research are to de- 
fine and characterise  the typical  interruptions  in HCI, ex- 
plain the mechanisms  that link them to detrimental effects, 
and  suggest  how  to  improve  HCI  by  means  of  design. 
Hence, the topic is a cluster of empirical,  conceptual,  and 
constructive problems. When it emerged, in the 1990s, most 
papers reported effects of interface designs and conditions 
on interruption  costs.  Regrettably,  these  results  were  elu- 
sive: they could disappear upon change in context. In other 
words, the problem-solving capacity was low, as an HCI re- 
searcher  would  not know  which  solution  might  hold  in a 
given context.  In the 2000s, papers started  to emerge  that 
linked interruptability  to known capacity limitations of hu- 
man memory and cognition. These papers referred to mech- 
anisms  such  as working  memory  capacity  and  threads  in 
cognition. These could better explain the preconditions  for 
interruptability  and  the  efficacy  of  design  solutions.  This 
work  has  culminated  in  a series  of  papers  demonstrating 
superior interruption-tolerance for theoretically motivated 
designs in common use contexts, such as driving or desktop 
computing.  Work emerged,  such as a CHI ’15 Best Paper 
we discuss below, that offered resolutions to some outstand- 
ing questions distinguishing  theories. Thus, from the prob- 
lem-solving angle, one can say that the research in this area 
has been successful in increasing problem-solving  capacity 
over two decades of work. It has reached the point where it 
can propose theoretically grounded design solutions for re- 
al, complex contexts such as driving. However, on the nega- 
tive side, the area has not fared as well in the exploration of 
new design  opportunities.  The design  examples  addressed 
in conceptual papers are close to present-day designs in the 
commercial market. 

 

Compare  this to the sub-field  of interaction  techniques.  It 
has  been,  in  broad  terms,  interested  in  developing  tech- 
niques that change means of input and output during inter- 
action  to enhance  user  performance  and  satisfaction.  Alt- 
hough  it has  been  successful  in  innovating  a plethora  of 
new techniques, some of which are actually in use, some re- 
searchers have lamented that the research is driven by ‘point 
designs’ and that it cannot explain and generalise principles 
going beyond individual techniques. It is clear that in com- 
parison to interruptions  research, work in this area has ad- 
dressed fewer conceptual  problems.  However,  it is safe to 
conclude that it has explored a much larger design space. 

A SNAPSHOT OF TODAY’S HCI: CHI BEST PAPERS 
To delve more deeply into HCI as a problem-solving  field, 
we now look at a sample of recent top papers. We do this to 
provide an overview of where the field is heading currently 
and to emphasise  that we are doing a good job as a field, 
when  examined  through  the lens  of problem-solving.  We 
analysed  the 21 Best  Papers  from  the proceedings  of the 
2015  ACM  Conference  on Human  Factors  in Computing 
Systems  (CHI).  While  Best  Papers  are  a curated,  special 
sample, unrepresentative  of HCI at large, they give an idea 
of where the field may be heading. The CHI Best Papers are 
the top ‘1% of submissions’,  nominated on the basis of re- 
view scores and chosen by a committee. 
 

The two co-authors categorised each paper by the most 
prominent  problem  type as determined  from the key parts 
of the paper. They read central parts of each paper to under- 
stand the problem  definition  and claimed  problem-solving 
capacity.  Their  coding  of four papers  differed  in the first 
round; these disagreements were resolved to arrive at a con- 
sensus categorisation. 
 

The observations  can be summarised  under  the following 
three points, which we expand upon below: 
 

1.  Best Papers focus mostly on empirical and constructive 
types. The conceptual type is under-represented. 

2.  All five criteria for problem-solving  capacity are men- 
tioned  as motivations  for contributions.  However,  we 
could  not identify  any  consensus  on the criteria,  and 
each paper followed its own strategy. 

3.  There is a split between addressing practical and theo- 
ry-oriented  research  problems.  This contributes  to in- 
commensurability of HCI research. 

 
Predominance  of Two Problem Types 
We could immediately  observe that the majority of papers 
(12) tackle empirical problems. Most describe unknown 
phenomena in human interaction with computers. Vashistha 
et al. [46] studied  how community  moderation  in a voice 
forum for rural India affected uptake and use; Buehler et al. 
[8] surveyed and analysed the assistive technology available 
on a 3D printing platform. In these and other cases (e.g., the 
work of Semaan  et al. [43]), the stated  motivation  lies in 
describing  a significant  phenomenon  in HCI.  In addition, 
some  empirical  papers  describe  unknown  factors  shaping 
these phenomena.  For instance, Block et al. [4] wrote that 
‘we know very little about factors that contribute to collabo- 
ration and learning around interactive surfaces’ (p. 867). 
 

Eight of the papers are mainly about constructive problems. 
Some constructive papers are tied to a specific technology. 
BaseLase [35] presents a specific mirror design for interac- 
tive laser projection  on the floor. Other papers focus more 
on the interaction-design  principles or concepts behind con- 
struction [29,31]. Affordance++ [31] demonstrates a way of 
using electrical muscle stimulation to guide people in how to 
use an object. Some constructive  papers are explicit about 
the problems.  ColourID  [14], a tool for improving  colour 
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identification  by visually  impaired  users,  is an attempt  to 
rectify the fact that existing tools are ‘often slow to use and 
imprecise’  (p.  3543).  However,  some  constructive  papers 
just present the solution, leaving the problem implicit (e.g., 
those by Lopes et al. [31] and Weigel et al. [32]. 

 

Only  one  Best  Paper  deals  with  a  conceptual  problem. 
Borst and colleagues [7] presented a model of interruptions 
with the explicit aim of reconciling earlier findings through 
an  integrated  theory.  Their  paper  notes  the  anomaly  that 
earlier  results  on  interruptions  need  to  be  reconciled  and 
that ‘to improve  our understanding  of interruptions,  these 
studies  should  be  integrated  into  a  cognitive  theory’  (p. 
2971)  and  existing  theories  explain  only  some  findings 
(e.g., ‘other interruption  effects cannot be easily explained 
within memory-for-goals theory’). 

 

The Best Papers often mix problem types, so the discussion 
above  considers  the  main  type  of  research  problem  ad- 
dressed. Eslami et al. [13], for instance, investigated the ex- 
tent to which users are aware of Facebook’s newsfeed algo- 
rithm.  To do so, they  conducted  interviews  but also  con- 
structed a system that showed users the consequences of the 
algorithm  for their newsfeed.  Simm et al. [44] used Tiree 
Energy Pulse, a prototype developed as part of the research, 
to aid in understanding energy forecasting, thereby combin- 
ing an empirical problem with a constructive one. 

 

The glaring absence of Best Papers focusing on conceptual 
problems  should  cause  alarm.  Do such papers  not get se- 
lected  as among  the best,  or is this gap  a general  one in 
HCI? We also scanned the 98 papers that received an hon- 
ourable  mention  and found only a few among those (e.g., 
by Egelman and Peer [12] and Vatavu and Wobbrock [47]). 
It seems that we rarely identify and address anomalies in re- 
search. 

 
Problem-Solving  Capacities: Diverse and Under-defined 
Criteria for justifying a claim of increased problem-solving 
capacity vary. Significance  is often clearly spelled out and 
solid arguments for it presented—for instance, in studies of 
fatherhood in social media [1], gender bias in image search 
[24], or perceptions of the newsfeed algorithm on Facebook 
[13].  Effectiveness  is often  easy  to show  for  constructive 
papers,  wherein  the demonstration  of a particular  UI con- 
cept or technical  realisation  often is sufficient  to show ef- 
fectiveness  (this  is  sometimes  called  an  existence  proof 
[16]). For instance, ‘Velocitap’ [48] shows that it is techni- 
cally possible to perform sentence-level decoding of 
touchscreen text entry at interactive rates. Other papers 
tackling construction  instead evaluate the technical perfor- 
mance of the solution or its user experience (there are vari- 
ous   examples   [29,31,35,50]).   For   empirical   problems, 
showing   effectiveness   convincingly   is  difficult   because 
most  pertain  to unknown  phenomena.  Only  a few  papers 
(such as Semaan et al.’s [43]) go beyond describing  those 
phenomena and showing how the descriptions may be used. 
Efficiency is not a big topic in Best Papers. Many construc- 
tive papers argue instead for a proof of concept. ‘Velocitap’ 

[48],  for instance,  states  that  sentence-based  decoding  re- 
quires immense storage and processing power (a 2 GB lan- 
guage model; recognition on an eight-core server), but this 
is not a key concern. 
 

For constructive problems, transfer is often shown through 
application examples. For Acoustruments [27], a set of pas- 
sive plastic devices that can extend the sensing capabilities 
of mobile phones, generalisability is illustrated through nine 
examples  of mechanisms.  For Affordance++  [31], the use 
of electrical muscle stimulation  was applied across several 
types of task. In the paper on iSkin [32] too, various appli- 
cations are shown. This seems much more difficult for em- 
pirical  problems,  for  which  arguments  about  transfer  are 
found in only a few studies. Confidence  for the solution is 
addressed in multiple ways, including conducting several 
studies  [7,24,48,50],  using  large  samples  [4],  performing 
long-term  follow-up  [13],  and  reporting  on  implementa- 
tion [13,44]. The sample covers this aspect quite well. 
 
Research and Practical Impacts: Equally Common 
It was striking to learn that about half of the CHI Best Papers 
were written to address practical problems—in particular, 
constructing interactive technology for real-world use. Many 
provide design guidelines [51], concepts [29], and ideas for 
how to improve existing systems [8]. Most of these are about 
empirical  problems;  it was  rare  to see a paper  tackling  a 
construction  problem that offered outputs that practitioners 
could take up and use (though exceptions exist [14,50]). 
 

About  half of the papers  are explicit  about increasing  the 
problem-solving  capacity  of  researchers  or  advancing  the 
state  of  knowledge.  For  instance,  Menking  and  Erickson 
[33] studied the work of women on Wikipedia, noting how 
‘Wikipedia’s  gender  gap  may  relate  to  prevailing  feeling 
rules or participation  strategies; at the same time this work 
contributes  to advancing  Hochschild’s  theory  of emotions 
work […]’ (p. 208). Some papers also describe implications 
for research methodology [4] and modelling [7,51]. 
 
MOVING HCI FORWARD 
In light of the discussion so far, we now turn to implications 
for our field. The question we want to address is ‘can we do 
an even better job in HCI research?’. 
 
More Work on Actionable Theories of Interaction 
Even if HCI puts strong emphasis on construction,  its con- 
ceptual work has not been powerful enough to drive it. We 
can carry out ever more sophisticated  studies,  with larger 
samples and more complex set-up, ad infinitum, but without 
conceptual  contributions  that  link  empirical  findings  and 
the design of technology, the results will remain unactiona- 
ble. From a problem-solving perspective, without conceptu- 
al ‘glue’ to anchor them, constructive  contributions  readily 
remain point designs and empirical studies point studies. 
Laudan talks about conceptual problems as second-order 
problems, in the sense that we are dealing not directly with 
the world but with descriptions of the world. 
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Criterion       Evaluation Criteria                                                               Heuristics for Refining Ideas 
Significance   Number of stakeholders involved; importance of the im- 

provement for stakeholders; costs incurred when the im- 
provement is not achieved 

Effectiveness Capture the essential aspects of the problem; match be- 
tween evaluation metrics and priorities 

Efficiency       How much effort or resources it takes to create or deploy 
the solution; scalability; size 

Target a different stakeholder group or a larger number of stake- 
holders; aim at a greater improvement over the present baseline; 
report on direct comparisons against baseline solutions 
Use multiple evaluation criteria and richer evaluation contexts; val- 
idate evaluation criteria; address unnoticed real-world difficulties 
Develop tools for practitioners; share datasets and code; reduce 
price/cost 

Transfer         Number of users, tasks, and contexts for which the solution Identify and target new user groups, contexts, or tasks; demon- 
can be applied; qualitatively new contexts wherein the solu- strate broad-based generalisability 
tion can be applied 

Confidence    Empirical validity; reliability; replicability; reproducibility; ro- 
bustness 

Replicate the result in different contexts; report on different met- 
rics for judging validity and reliability; allow reanalysis 

Table 1. Some heuristics for assessing and contributing  to evolution of problem-solving  capacity in a research project. 
 

Our strong recommendation  is to put more effort into inte- 
grative  concepts,  theories,  methods,  and  models  that  can 
link empirical and constructive solutions. This, we believe, 
is required for the ‘motor themes’ to emerge that are called 
upon  to fill the ‘big  hole’  in HCI  research  [25].  Without 
such  ‘glue’,  our  research  continues  to  have  lower  prob- 
lem-solving   capacity   than   desired.   Empirical   research 
should be done in such a way that its hypotheses inform de- 
sign, and designs should embody and be driven by empiri- 
cally validated hypotheses.  However, while it is fruitful to 
strive  for integrative  types  of knowledge,  it is healthy  to 
remember that work on constructive problems can advance 
also without any hypothesis. And, vice versa, there are nu- 
merous examples of theories that lack direct relevance. 

 
Improvement of Writing Culture 
Our writing  culture  does  not support  the problem-solving 
view. The impression from the Best Paper sample was that 
many papers could do a better job in describing the problem 
they are tackling. This is essential from the problem-solving 
angle. Some papers make explicit only the solution (e.g., a 
new technology)  or approach (e.g., what they did), neither 
of which is about the research problem. These papers only 
rarely  explain  how  the  result  would  improve  our  prob- 
lem-solving  capacity and instead just use language such as 
‘we know little about’, ‘significant gap in knowledge’, and 
‘no researchers have developed systems that’. 

 
Systematic Improvement of Problem-Solving  Capacities 
Problem-solving   is  not  merely  a  description.  It  offers  a 
‘thinking  tool’  for  refining  research  ideas  and  generating 
better ones. This sets it apart from some previous attempts 
to state the qualities  desired  in HCI research,  which  have 
often been normative or silent with regard to idea-generation. 

 

Firstly, to improve an individual research effort, the five 
criteria for problem-solving  capacity can be used ‘prescrip- 
tively’ to generate ideas for how to improve. In Table 1, we 
have listed heuristics to assess and nurture problem-solving 
capacity for the problem being considered.  There is a row 
for each property of problem-solving  capacity, and the col- 
umns  present  related  assessment  criteria  and development 
strategies.  These refer to the definitions  and criteria given 
above.  The table can be applied  by assessing  the solution 
obtained (if the research has ended) or desired (for planned 
research) and considering whether it could be improved fur- 

ther. The list is meant not to be complete but to show that 
metrics and constructive ideas can be generated for each of 
the aspects. The authors of this paper have used these crite- 
ria internally to develop and refine research ideas. 
 

Secondly, problem-solving  capacity can be applied to whole 
sub-topics also, to assess them and see opportunities to im- 
prove. Let us discuss Fitts’ law as an example. It is one of 
the few thoroughly studied models in HCI and addresses a 
pervasive phenomenon in interaction. Fitts’ law is also rea- 
sonably  transferable:  it has  been  found  to apply  across  a 
wide  variety  of  devices  and  contexts  (even  underwater) 
[45]. Thus, from the perspectives of significance and trans- 
fer, Fitts’ law has increased  our problem-solving  capacity. 
However,  it can be criticised from the angles of effective- 
ness, efficiency,  and confidence.  First, Fitts’ law does not 
completely  solve  the problem  of aimed-movement  perfor- 
mance, because it relies on heavy aggregation of data at the 
task level. It dismisses  cognitive  factors (e.g., performance 
objective) and dynamics of motion (e.g., trajectory, variabil- 
ity, and force used). It is not an efficient solution either, be- 
cause its free parameters  must be calibrated  for each task 
and context. Also, these parameters are fragile. One can go 
so far as to claim that these shortcomings limit Fitts’ law to 
interpolation within a set of empirical data and it fails to be 
a truly predictive  model.  To advance  problem-solving  ca- 
pacity  in this  line  of research,  the  effectiveness  and  effi- 
ciency of the modelling approach should be improved. 
 

Thirdly, although the problem-solving view does not en- 
compass a notion of pseudo-science, it can steer the re- 
searcher to avoid pathological  practices. These are defined 
by Irving Languir as wishful thinking, fraud, exaggeration 
of effects, and ad hoc excuses.  The problem-solving  view 
may aid in avoiding these via three means: 1) by asking re- 
searchers  to explicate  their research  problems,  as opposed 
to just presenting  results;  2) by providing  criteria  for out- 
comes that entail going beyond  ‘point designs’,  ‘novelty’, 
and ‘existence proofs’; and 3) by driving researchers to pre- 
sent more solid evidence and thereby increase confidence. 
 
Rethinking What Constitutes ‘Good’ Research 
HCI has tended to develop and adopt superficial criteria for 
evaluating its research and for its goal-setting. Some of the- 
se may have been outright damaging.  While HCI has been 
called an interdisciplinary  or trans-disciplinary  field, a par- 
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adox exists: these views tend to lock us into the belief sys- 
tems  of  the  informing  disciplines.   The  problem-solving 
view is inherently trans-disciplinary or, rather, non- 
disciplinary,  because it makes no reference to such demar- 
cations  and  belief  systems.  The  empirical  problem  type 
does not differentiate among psychological, sociological, 
quantitative, qualitative, and other stances that have divided 
the ranks in the past. The conceptual problem type does not 
distinguish between knowledge produced by design probes 
and that generated  via cognitive  models.  The constructive 
problem type does not differentiate among problems of ‘de- 
sign’, ‘engineering’, and ‘computer science’ type. What 
matters is how problem-solving  capacity is improved. In its 
ignorance  of  disciplines,  problem-solving  runs  counter  to 
many existing conceptualisations of HCI that address its 
development and its modus operandi. We believe problem- 
solving offers a fresh counter-argument  to some superficial 
criteria held up in HCI. 

 

For example, some analyses of HCI view its progress as di- 
alectical, from thesis to antithesis to synthesis. Consider the 
‘three waves’ [5] or ‘four epochs’ of HCI [42] or the vari- 
ous ‘turns’ (e.g., to practice [26] or to the wild [10]). Ac- 
cording to these analyses, HCI research started with classical 
cognitivism   but,   on  account   of  its  limitations,   evolved 
through  other  stages.  The  problem-solving  view  does  not 
clash with an appreciation for dramatic changes in technol- 
ogy, user groups, contexts, and activities; such would shape 
the landscape of important problems. As new problems 
emerge,  old solutions  may lose some of their significance 
and generalisability.  However, it is a categorical mistake to 
suggest that the old problems have completely lost their 
significance or solutions their capacity. There are many re- 
curring  phenomena  in interaction  that will stay, and have 
stayed,  central  to interaction—even  with radical  evolution 
of  technologies  and  contexts.  Various  practical  problems 
have persisted  since  the early  days of HCI—for  instance, 
writing  (a  document  such  as  this  ). Sudden  ignorance  of 
previous results decreases the problem-solving  capacity we 
possess as a field. 

 

Further damaging dogma has involved design implications, 
which  have  at  times  been  taken  as  a  token  of  our  mul- 
ti-disciplinarity.  Whilst Dourish [11] has argued that not all 
papers must present implications, informal observations 
suggest that some reviewers and research assessment crite- 
ria still emphasise  them. From the problem-solving  angle, 
design implications  might be one useful way of informing 
practical  efforts  in  an  efficient  and  transferable  manner; 
they might also be a way of spelling out the practical impli- 
cations of the solutions a paper describes. However, the 
drawbacks  of stating design implications  may overshadow 
the benefits. Design implications  are little more than inco- 
herent lists of if-then rules. Their capacity to change design, 
which consists of multiple, interrelated decisions, is limited. 
At  the  same  time,  they  trivialise  empirical  findings.  So, 
while they should be allowed,  there should be no require- 
ment to present them. 

We also see no reason to favour models over other forms of 
theorising. One previously prominent view was that HCI 
should be model-driven  and aim at prediction  and control. 
Key proponents of this argument were Newell and Card [36]; 
early critics included John Carroll [9]. The problem-solving 
view  both  agrees  and disagrees  with  it—without  commit- 
ting  a logical  fallacy.  On  one  hand,  models  are  effective 
representations  of hypotheses,  they succinctly  explain em- 
pirical  phenomena,  and  they  allow  deriving  rich  implica- 
tions for design. They are a powerful form of theorising that 
does not let design ‘off the hook’. Models may increase 
conceptual, empirical, and constructive problem-solving 
capacity. On the other hand, later criticism has been correct 
in pointing out that the ‘hard science’ stance is too narrow. 
From   the   Laudanesque   standpoint,   it  limits   the   prob- 
lem-solving capacity of HCI as a field. Models simply can- 
not address all types of research problems we must address. 
 

Finally,  one damaging  criterion  in assessment  of HCI pa- 
pers has been novelty. This has a strong role in the call for 
papers and discussions  at programme  committee  meetings. 
However,  novelty is only correlated  with problem-solving 
capacity: A paper can improve that capacity tremendously 
without being novel. A paper may be novel without increas- 
ing problem-solving  capacity at all! We admit that novelty 
is relevant  for subtype  1 contributions.  The prevalence  of 
this type of contribution tends to reflect our evaluation cri- 
teria but also the rapidly evolving technological  landscape. 
From the CHI’15 sample, it is clear that sometimes demon- 
strations of novel concepts for interaction help us engineer 
new solutions (as with Affordance++); in some cases, empir- 
ical studies are the first to reveal a phenomenon that will in- 
spire later research and inform practice (e.g., gender bias in 
image search). The issue is confusion  of a surface feature 
with progress.  Novelty  drives researchers  to maximise  the 
number of subtype 1 problems but not the capacity to solve 
them. One ends up with a strong landscape of subtype 1 but 
leaving  the rest unaddressed.  A healthier  balance  must be 
found,  with the intensification  of efforts  around  problems 
that are found to be important. ‘Grand challenges’, or 
commonly  agreed  upon  problems,  offer  one  vehicle  for 
such co-ordinated efforts. 
 
LIMITATIONS  AND CRITIQUES OF PROBLEM-SOLVING 
Problem-solving  offers a comprehensive  and actionable ac- 
count of the majority of HCI research. However,  the view 
comes with its own subscriptions  and limitations.  To con- 
clude, we review and respond to objections collected from 
presentations and interactions with other HCI researchers. 
 

– Problem-solving  takes HCI down the road of solutionism, 
as described and critiqued by Morozov [34]. 
 

We have gone to some length to define problem and solu- 
tion to avoid confusion with narrower, more pragmatic con- 
cepts—for instance, design problem and user problem. We 
are not calling for research centred on these. Our view 
acknowledges  the need to study interaction purely because 
of  conceptual  interests,  to  develop  designs  purely  to  ex- 
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plore,  and  to study  empirical  phenomena  purely  to learn. 
These are all subsumed within the notion of ‘research prob- 
lem’. 

 

– It does not establish  HCI as a discipline  that has clear 
overlaps with and boundaries to other disciplines. 

 

We reject the notion that HCI can be defined by enumerat- 
ing which other fields it involves. Rather, it should be de- 
lineated by its subject of enquiry, purposes, and characteris- 
tics. 

 

– It ignores the role of art in HCI. 
 

Some artistic endeavours can be described as problems and 
solutions. Consider the problem of designing an installation 
that triggers  some  experience  in visitors.  Aesthetic  objec- 
tives in design may be analysed  as constructive  problems, 
too. However, artists may resist this description. 

 

– Many  scientific  discoveries  and  innovations  arise  from 
curiosity, not problem-solving. 

 

Problem-solving  does not preclude  curiosity.  It values  re- 
search—and even ‘blue sky research’—that  identifies prob- 
lems, which is often curiosity-driven.  Identifying problems 
is a precondition  for solutions’ appearance  later. However, 
we agree that problem-solving does not encourage curiosity 
in any way, simply because it is silent about those activities 
that lead researchers to formulate their problems. 

 

– Certain  topics,  such  as user  experience,  cannot  be de- 
scribed as problems and solutions, because they pertain to 
unmeasurable and subjective qualities. 

 

Several good examples in HCI illustrate that subjectivity and 
non-measurability  may  slow  increases  in problem-solving 
capacity  at first but need  not prevent  improvements.  One 
such  example  is the notion  of cognitive  workload,  which 
has now been defined and instrumented to such a level that 
we routinely use this concept in our research (e.g., the TLX 
questionnaires).  Addressing subjective qualities in comput- 
er use is a requirement for any serious theory of HCI. 

 

–  HCI   problems   tend   to   be   messy.   How   does   prob- 
lem-solving fare with ill-defined or ‘wicked’ problems? 

 

Although  new  topics  tend  to be vague  and poorly  under- 
stood at first, we disagree with the contention that HCI re- 
search should stay messy. Better-formulated  problems  and 
better solutions improve clarity, too. 

 

– Many research contributions have been visions, not solu- 
tions. Consider Memex and ubiquitous computing. 

 

We have argued that such visions can be described as con- 
ceptual  and  constructive  problems  of  subtype  1 (i.e.,  im- 
plausibility  or no  known  solution).  While  problem-solving 
recognises this contribution type as key, it is true that it says 
nothing about how they should be generated. 

 

– The view is iffy and leads to a lot of ‘on one hand’ and 
‘on the other hand’. Does it allow a stronger stance on HCI? 

Perhaps the weakest aspect of Laudan's work is that without 
consensus  on  what  is  important,  we  cannot  define  prob- 
lem-solving capacity, because we cannot assess ‘signifi- 
cance’. More generally, we must accept that some elements 
of problem-solving  capacity are going to be subjective and 
debatable. What may be significant and efficient for one 
stakeholder may be very different for somebody else. 
 

– An important goal of HCI research is not problem-solving 
but impact on society and industry. 
 

Problem-solving capacity can be assessed also for stake- 
holders outside the research community. The challenge is to 
translate  their  problems  into  research  problems.  It is re- 
grettable that Laudan offers little guidance for this transla- 
tion  process.   One  might   ask,  though,   why  universities 
should attempt to solve industry's problems. 
 
CONCLUDING  REMARKS 
What we think HCI research is and is not greatly affects our 
conferences, journals, papers, funding applications, super- 
vision, thesis topics, and careers. This paper has advanced 
the view that HCI research is about solving problems relat- 
ed to human use of computing. We have shown how the ex- 
tent to which HCI does this can be used to analyse individ- 
ual papers as well as entire research programmes. The prob- 
lem-solving  view can also generate  ideas for research  and 
provides a fresh view of longstanding debates on what HCI 
research is. We hope it will generate new debate, too. 
 

The problem-solving  view  should  be judged  as any other 
HCI research contribution:  by looking at a) the problem it 
tackles  and b) the increase  in problem-solving  capacity  it 
offers. We have argued, and given initial evidence, that the 
problem-solving  view aids in addressing  such problems  in 
HCI; indeed, it helps us begin tackling  some of the grand 
conceptual  problems  of current  HCI,  including  what  HCI 
research  is (problem-solving),  what  good  HCI research  is 
(solutions that increase problem-solving  capacity), and how 
to move our field forward (bridge the empirical and the 
constructive).  We  make  no pretence  that  problem-solving 
applies to all HCI research or solves all problems. But we 
do believe it provides some great first questions for any pa- 
per or research programme in HCI: Which problems does it 
tackle, and how does it increase our capacity to solve them? 
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ABSTRACT 

Today organizations find themselves in a race to adopt new technologies in order to keep up with their 

competition. However, two questions that require answers: are these organizations ready for every new 

technological advancement? and (ii) are these new technologies appropriate for every organization?. 

Technological challenges and management of organizations focused on the new advancement and 

challenges that today’s organizations face in the areas of human resource and business, resulting from 

continuous and highly complex changes in technological resource. Organizations need to employ a more 

productive and flexible management, meeting their human and business needs. The understanding and 

varied contributions made by researchers, academics, and Practitioners in this field of study. With the 

focus on the reality exchanges of management experience and prosperities about the state of technological 

challenge and management research for the future. Due to these all important facts, the benefits derive 

from technological advancement such as Technological change can bring product to the market quicker 

and expand the skill set of employees, with organizations moving to things such as telecommuting. 

Technology can increase participation and involvement with remote employees. Technology can expand 

the potential pool of participants that are working and collaborating together on project through share data 

bases, on internal intranets and internet and the challenges, such as information security, Cloud 

computing: Social Media problems, Risk Management and Governance, Regulatory Compliance, 

Technology Integration and Upgrading,. Resource Management, Infrastructure Management, Fraud 

Monitoring, Business continuity/Disaster Recovery are all discussed and the possible solutions for the 

way forward proffered. 

Keywords: Technological, Challenges, Advancement and Management. 

 

INTRODUCTION 

To remain competitive in a global economy, businesses need to adapt to an ever changing environment to 

meet their customer’s needs. Staying competitive means continuing to evolve as an organization and 

making changes to both process and technology to gain a competitive edge over their competition. 

Organization must become adept in bringing in new technology and managing the challenges that go 

along with implementing the change. Changes of this nature can provide significant benefits to an 

organization but can also present many challenges that need to be managed to yield a positive outcome. 

Problems arise when organizations attempt to bring in a technology without proper management and 

training for their employees. 

Technology is a Greek word derived from the synthesis of two words techine (meaning Art) and logos 

(meaning logic or science). So loosely interpreted technology means the art of logic or the art of scientific 

discipline. Formally, it has been defined by Everett M. Rogers as a design for instrumental action that 

reduces the uncertainty in the cause effect relationships involved in achieving a desired outcome.  While 

management is the art of getting things done through other people. Also defined as a decision making 

process. But for the purpose of this work we are going to use the first definition which is a bit narrow and 
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centered on the “people” aspect of management that is the human angle. That is technology encompasses 

both tangible products, such as the computer and intangible such as knowledge about processes and 

methods, and the technology of mass production introduced by Henry Ford and others. New 

developments in biotechnology and nanotechnologies and also in information and communication 

technologies have shaped the research environment in the last decade. Increasingly, highly educated 

experts in Research and Development departments are collaborating with scientists and researchers at 

universities and research institutes to develop new technologies. Transnational companies that have 

acquired various firms in different countries need to manage diverse Research and Development 

strategies and cultures. The new knowledge-based economy permeates across companies, universities, 

research institutes and countries, creating a cross-disciplinary, global environment. Clearly, managing 

technology in this new climate presents significant challenges. It is important to note that technological 

challenges, transformed the changing dynamics of innovation and technology management. It will 

certainly appeal to academics, scientists, managers, and policy makers alike to ensure these challenges are 

manage and control for the betterment of the organization and the society.  

Working in or with a technological development team can bring with it many challenges, most of which 

are rooted in the ever changing nature of technology. It can be especially stressful when it seems like 

every quarter a new technology is being introduced into your routine. This call to mind the motivations 

behind the implementation of new technology and the associated advantages  

Why then do organizations implement new technology if they perceived such challenges in managing 

them will arise? New technology is not just a new toy to play with. There are a lot of important things to 

consider when investigating new technology. 

Before you can jump headlong into the world of new technology, you need to be able to understand the 

motivations behind it. Ultimately, new technology should be designed to positively disrupt its current 

field. A very recent and prevalent example is the disruption of the transportation industry by introducing a 

fully digital, fully mobile process of requesting rides, these companies have completely reinvented the 

way we use transportation. Again, when companies implement new technology, the main goal is 

innovation. How that innovation manifests depends on the organizations overall goals and management 

policy. Some new technology may present innovation in the way of price, while other innovations may 

assist in user friendliness or a boost in productivity. It is always best to look into why your company is 

aiming to implement a new technology to better understand how it will ultimately help to serve the 

organization. 

Our society is being transformed by continuously evolving technologies that are changing the way we do 

things at the most fundamental levels. This transformation is precipitated by a number of trends a shift 

from manufacturing to a service economy; the usage of technology as a resource, factor of production, 

and commodity; and the propulsion of our economic growth through technical innovation and scientific 

discovery. On an individual level, every aspect of our daily lives is subject to technological innovations. 

We have become dependent on the flexibility, access, and services that they provide us. Computers, fax 

machines, networks, cable television, fiber optics, and ATMs have all played a pivotal role in the way we 

communicate, work, play, and do business. 

As the information technology age progresses we increasingly owe more of our economic and 

technological progress to the free flow of ideas and knowledge. Consequently, it becomes more important 

that we have access to superior and timely information. As a nation our toehold in the information age 

relies heavily on technological progress and scientific and technical information. 

From an organizational standpoint, the information and the technological age is in full swing and both 

public and private institutions are experiencing an increase in the use of a variety of information 

technologies. Realistically, it has become nearly impossible for an organization to operate without the use 

of one or more information technologies. Since their inception, information technologies have been held 

up by many people as the cure all for a variety of organizational ills, and in many cases viewed as an 

antidote to poor performance efficiency through the miracle of automation. What is too often ignored or 

forgotten amidst all the discussion is that although technological advancement can provide a number of 

solutions and benefits, they also introduce their own special problems and concerns into the 
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organizational setting. The implementation and subsequent use of technology is a process of interrelated 

steps. Faltering or mis-stepping at any of the implementation stages may actually increase inefficiency, 

ineffectiveness, and promote any number of additional uncertainties. Technologies in and of themselves, 

cannot solve all our problems organizational or otherwise, nor will they magically remove the variety of 

organizational and managerial ills that plague us. It is only through careful design, planning, acquisition, 

and implementation of technological programs that we may benefit from more effective operations and 

solutions to problems 

The problems facing organizations management in their efforts to implement technological changes are 

extensive and varied. One of the ultimate and overriding problems is that there is no model for this 

organization to follow or consult that is tailored to their specialized issues and needs. One of the first 

questions that comes to mind in relation to this problem is “Why is a model for technology 

implementation is so important?” Obviously, no model can completely address all of the issues each 

individual organization faces. Organizations are each subtly different even from those in the same arena. 

What a model provides is a framework designed to address the issues and needs of a particular process 

which are related across organizations of comparable circumstance. 

In essence, a model provides an alternative to reinventing the wheel of change at every time an 

implementation project is undertaken, and this is why technological advancement or change has caused a 

lot of challenges faced by management of organizations. 

 

Conceptual Underpinning 

Organizational and management process issues encompass those factors that affect control over planning, 

procurement, and implementation of information technologies. In general these kinds of issues provide a 

window for viewing a variety of organizational operations with regard to technological development. For 

example: What degree of centralized or decentralized control exists in the organization? Are different 

technologies controlled at different levels or areas of the organization? Are technological differences 

relevant or is standardization called for? How has the organization structure developed? These are just a 

few of the kinds of questions that are spoken of within the contexts of organizational and managerial 

issues at the outset it appeared that the broad umbrellas of management processes and organizational 

processes were ideal for the categorization of the issues. 

This study will make use of the following issue types: management process issues, organizational 

environment issues, leadership issues, technical systems issues, and personnel issues. Those characterized 

as management process issues speak to the functional operations of organizations, such as: budgeting, 

personnel, and general management. Issues characterized as organizational environment will be broader, 

addressing factors which are less tangible and more difficult to define such as: organizational culture, 

change, and behavior. Leadership issues refer to those areas which require the interaction and direction of 

the organization executive such as: interdepartmental coordination and administrative support. Technical 

systems issues are primarily those related to the hardware and software considerations of information 

technologies. And personnel issues are those issues surrounding each individual in the organization such 

as: individual expertise levels, staffing levels, and resistance to change. 

                                                                                                                                                                                                                                   

LEADERSHIP ISSUES 

Interdepartmental Coordination 

This issue relates to the degree an organization is able to coordinate it technology implementation process 

across departments. With the rise in use of microcomputers, information systems management has 

become increasingly decentralized. In organization this often means that technical planning, procurement, 

and implementation may not be coordinated across department thus perpetuating duplication, lack of 

standardization, and difficulties with formalized planning, among other problems. Interdepartmental 

coordination is related to organizational structure, planning, standardization, duplication of 

work/resources, and internal leadership. 
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Individual Support 

This issue refers to the support of key individuals within the organization whether in favour of 

technological planning and implementation or against. Ordinarily this issue refers to those individuals in 

top management positions. However, people at all levels of the organization have an impact on 

technology planning and implementation, the more support available throughout the ranks, the more 

effective the implementation process will be. Individuals can hinder progress at a number of junctures in 

the process. It is therefore, essential to recognize the importance of this issue with regard to technological 

implementation at the outset. The individual support issue includes resistance to change, training, politics, 

leadership, and support. 

Organizational Support 

Successful and effective implementation of technological development relies on the ability of an 

organization to change and adapt in order to exploit the uses of advanced technologies. This issue refers 

to an organizations predilection toward supporting strategic vision and planning at all levels which in turn 

will allow it to make use of rapidly changing technologies. The organizational support issue includes: 

fiscal concerns, organizational directives, organizational culture, and individual support. 

Timeframes and Scheduling 

Timeframes and scheduling are very important to the effective implementation of Technology in an 

organization. Most technology related planning in organization must take place in a long term framework 

due to a variety of factors, not the least of which is financial resources. Technological implementation 

also carries with it varying degrees of post implementation delay times necessary for training and turn in 

of the equipment. Scheduling difficulties are expounded by the rapidly changing nature of the 

technologies themselves. This issue is related to rapidly changing technology, internal leadership, 

organizational support, individual support, training, and information technology expertise. 

 

MANAGEMENT PROCESS 

Lack of a Strategic Plan 

This issue has become one of the more problems with regard to technology implementation. Pressure for 

quick solutions to very complex technology problems has only served to work against strategic planning 

in organizations. Strategic planning is viewed by many as the heart of effective management process in 

any organization. The successful implementation of new technologies in an organization depends heavily 

on the strategic analysis of organization needs and objectives. Organizations, which do not make use of 

formalized planning with regard to technology development, may find themselves without direction in a 

rapidly changing environment. Lack of a strategic/formal plan issues is related to organizational 

directives, organizational support, internal leadership, interdepartmental coordination, standardization, 

and planning models. 

Lack of a Planning Model 

This issue speaks to the availability and use of standardized models with regard to the planning and 

implementation of technology in the organization by management. There have been many debates on the 

ability of planning models to enhance the success of project implementations. Currently no organization 

has any technological systems implementation model that addresses their specific needs and issues. Lack 

of a planning model relates to strategic planning, written procedures and guidelines, and rapidly changing 

technology. 

Fiscal/Budgeting Issues 

Technologies are expensive at a number of levels. This issue refers to the myriad of problems facing 

administrators or managers of organization with regard to budgeting and the fiscal impact of the 

technology. Fiscal concerns for technology system require definition and measurement of operating costs, 

investment costs, and the possible and achieved benefits of the technologies. This issue includes 

organizational support, rapidly changing technology, existing systems, standardization, and planning. 

Organizational Directives 

This issue refers to the missions, objectives, and plans which a particular organization may possess for the 

implementation of technology. Directives serve as guidelines for future plans and actions of the 
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organization. These directives must be strategic and well defined in order to facilitate effective 

technological implementation throughout the organization. Organizational directives relate to planning, 

organizational support, organizational Information technology, expertise, fiscal concerns, and rapidly 

changing technologies. 

 

Written Procedures/Guidelines 

This issue refers to any state or federal mandates which affect organizations with regard to technological 

development and it planning, procurement, and implementation. In addition it may also refer to any 

written procedures specific or internal to the organization. This issue includes fiscal concerns, contracts, 

outside consultants, and politics. 

 

ORGANIZATIONAL ISSUES 

Organizational Culture 

This issue is particularly hard to explain because the culture of an organization is mainly a perception. 

However, for technology implementation to be effective the right kind of culture or environment is 

required. In most cases this means an organization must consistently find a common ground between 

individuals and systems within the organization. Organizational culture issues include: organizational 

support, politics internal/external, organizational directives, and organizational IT expertise. 

Internal and External Politic 
This issue is inherent in any organizational activity and technological implementation is no different. 

Organization management executives and technology professionals alike must recognize and address the 

political ramifications of technology implementation within their organization and the external 

environment. Technological activities in general are political by nature (i.e. privacy, security, 

confidentiality, and data collection). This issue includes personnel issues, interdepartmental coordination, 

organizational culture, and external consultants. 

Contracts 

This issues refers mainly to the acquisition of the type of technology needs of an organization. In some 

organization specific requirements exist with regard to available and accepted hardware and software 

vendors. Some organization must adhere to state sanctioned contracts for purchase of equipment and 

supplies. Others may have entered into long term contracts for equipment and services. The contracts 

issue is related to external consultants, adequate staffing, written procedures/guidelines, fiscal/budgeting, 

internal/external politics, and individual/organizational expertise. 

Rapidly Changing Technology 

This issue refers to the difficulties of managing technology due to its rapidly changing nature. Technology 

are developed and enhanced so swiftly that an organization may find their plan for acquisitions are 

obsolete before the ink on the purchase orders are dry. The nature of technology in general is a primary 

cause of a multitude of technological management conflicts from development to implementation. 

Rapidly changing technology issues are related to fiscal concerns, timeframes, standardization, existing 

systems, and training, individual and organizational technology expertise. 

External Consultants 

This issue has become particularly important to SMLGs who often do not have the adequate and expert 

staff to address technological issues within their organizations. Outside consultants are typically hired to 

act as advisors on various issues as well as to provide the hardware and software for the organization. An 

important factor to consider in the use of external consultants is what the role of that consultant will be. In 

other words, will the individual or firm in question be asked to act as an advisor or a complete technical 

service provider? The use of external consultants must be reviewed in the context of the whole 

organization directives as well as the planning of external consultant issue is related to 

individual/organizational expertise, organizational directives, technological planning, technological 

implementation, existing systems, and standardization. 
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TECHNICAL SYSTEM ISSUES 

Existing Systems 

The existing technology systems within an organization may have a profound impact on the ability of an 

organization to plan for, acquire, and implement new technologies. Systems already in place may require 

upgrades or may not function in connection with new systems at all. In many cases the stakes are very 

high with regard to existing systems. An organization often has a significant investment in hardware and 

software. In addition, these systems may be storehouses of irreplaceable data, which for compatibility 

reasons cannot be transferred to new systems without incurring extensive costs. The issue of existing 

systems is related to standardization, computer, and resistance to change, rapidly changing technologies, 

and interdepartmental coordination. 

Standardization of Technology Employed 

Without some standards across technologies, planning for future uses and acquisitions would prove nearly 

impossible. Setting standards within an organization can be problematic enough to standardization within 

an organization to prove impossible. Standards make communication possible and lend consistency and 

efficiency to information systems. Standardization is made substantially more difficult due to the 

technology industry itself and its own standardization problems. Standardization issues are related to 

existing systems, computability, politics, and rapidly changing technology. 

Compatibility Issues 

Compatibility issues refer to the ability to interact, communicate, and share information across networks 

and between software. Without systems and software in the technology to implement, compatibility data 

exchange would be impossible. It is very important that newly proposed systems should be compatible 

with existing systems and that compatibility be addressed early on in the planning process. Compatibility 

issues are related to existing systems, politics, and standardization, contracts, and personnel issues. 

 

MANPOWER ISSUES 

Organizational Technology Expertise 

This issue refers to the overall technological knowledge of the organization. In addition, it could also refer 

to how progressive in its nature the organization may be. That is, whether or not this is an institution that 

has focused resources to enhance technological ability to stay on the cutting edge of technological 

developments. Organizational expertise is related to organizational support, organizational culture, 

individual technological expertise, individual support, existing systems, and rapidly changing technology. 

Individual Information Technology Expertise 
The issue of individual information technology expertise speaks to the technological perception of each 

person within the organization. It is typical for an organization to employ individuals with a very diverse 

range of information technology competence. It is also typical that some of these individuals will have a 

willingness and desire to learn more about technology and how to use specific information technology 

and others will be quite resistant to adapting to new technologies. This issue is related to training, 

resistance to change, organizational support, and internal leadership. 

Skill Personnel Issues 

These are issues related to the management process of human resources. It does not matter how well 

designed an organization is or how well developed general procedures are if the institution in question 

does not have the personnel it requires to fully develop, manage, and ultimately use the technology. This 

is one of the most important issue areas and in many cases one that is persistently ignored. Personnel 

issues include resistance to change, fear of technology, training, recruitment, and retention of quality 

employees. 

Adequate Staffing 

In one sense, this issue is tied to general personnel issues in that it requires the recruitment and training of 

individuals for technology and support staff positions within the organization. More specifically, it deals 

with the need for enough of these types of employees to make technology implementation feasible and 

effective. Adequate staffing is a quantity and quality issue. Adequate staffing issues relate to number of 

qualified staff, employee/individual technology expertise, recruitment, and training. 
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Internal Leadership 

This issue relates to the various levels of leadership within the organization with regard to technology 

implementation. One of the problems with technology and the workplace is that not everyone is ready or 

willing to become part of a technologically based workforce. In many situations, leadership from 

managers and co-workers can help to enhance effective implementation of technology. Managers 

especially can promote technology development implementation by example. Internal leadership issues 

include training, individual expertise, organizational support, personnel issues, and resistance to change. 

Training 

This issue is of particular importance regardless of the level of technology currently existing within an 

organization. As technology become an even greater part of our operations, it has become crucial to make 

sure that adequate training is provided for all employees. Lack of training can act as a powerful restraint 

to effective technology implementation and overall organizational success. Training issues include: 

resistance to change, fear of technology, rapidly changing technology, retaining quality employees, 

decision-making and individual/organizational IT expertise. 

Resistance to Change 

This issue is generally seen as a human resources issue. Part of resistance is inherent in fear: fear of the 

technologies; fear of being displaced by technology; and fear of the unfamiliar. Many individuals 

especially those in support staff positions have a pervasive fear that automation of their particular work 

process will render them unnecessary to the organization. Even more predominant in today’s organization 

is the fear of change. Individuals are often put off by the extra work and effort required in learning new 

technology software or a whole new operating system. Resistance to change includes training, individual 

expertise, standardization, existing systems, individual and organizational leadership. 

These factors has tremendous impact on management of organization that lead to the challenges faced by 

organization when planning to introduce or manage technological advancement of the organization if not 

properly adhere to by management. Thus, employees for fear of losing their jobs may react to such 

change. 

An in-depth understanding of the specific issues related to technological change and its implementation is 

essential for the establishment of appropriate principals and effective approaches with regard to the 

management of the technological systems in an organization. Each individual issue is important in its own 

context as well as producing multiple impacts which affect the organization and implementation of new 

technology within it. Subsequently, effective management of technologies across the board can only take 

place when a more comprehensive understanding of the myriad of issues is achieved. Technology can be 

made to work effectively, economically, and in the end deliver the expected benefits 

These issues surround the cost to benefit ratios of specific technological change and were usually 

earmarked for singular applications or projects. While these issues are certainly very important they are 

not the all and all of technological advancement needed for implementation. The bottom line remains that 

if you are unsure of what you want to do, and why you are doing it, then it really does not matter how you 

accomplish it, because in the end you will end up disappointed, dissatisfied or both and challenges begin 

to creep in either from management or employees. The development of future technological change 

implementation need to take into account not just the how issues but the what and why issues that impact 

the implementation process across the organization.  

 

LITERATURE REVIEW 
The level of the technology in terms of sophistication, together with the amount of the research effort 

needed to sustain it, will affect the policies of management of organization. This will apply particularly 

when the technological changes will require the transfer of staff. There is also evidence too, that those 

organizations operating in high level technologies are more likely to transfer other personnel policies. 

Korir, et al. (2012) define change management as the effective management of a business change such 

that executive leaders, managers and frontline employers work in concert to successfully implement the 

needed process, technology or organizational changes. While Moran and Brighton (2011) defined change 

management as the process of continually reviewing an organization direction, structure and capabilities 
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to serve the ever changing needs of external and internal customers. In technological age is the internet, a 

network of many computers locked together, a worldwide system of interconnected network using the 

telecommunication infrastructure that now support large numbers of computer based communication 

exchange including consultation of database, websites and homepages conversational interactions, emails, 

many kinds of electronic commerce and financial transitions (Severin & Tankard, 2001). 

The addition of new technology can also benefit an organization by helping to shape its strategic vision as 

well as helping it to gain a competitive edge in their competition (Norton 1995). Having a strategic vision 

will help to focus an entire organization on what they are trying to achieve and what their goal is. Doing 

so will create a competitive advantage that will lead to increased sales, profits and an increased market 

share. This benefit (strategic vision) also extends to the staff of an organization by communicating where 

it is going and how that technology is going to help them achieve the vision. 

Change is an unavoidable phenomenon within the business world. It arise from the dynamics of the 

environment organizations operate in and is required for an organization that wants to flourish. To remain 

competitive, it is essential for organizations to be able to upgrade their tool set on a regular basis and have 

these changes accepted by staff there are many items to consider when bringing new technology into an 

organization. It is important to note that altering staff behavior is a long term objective and change cannot 

be force on employees overnight, it is key to provide them with the context for the change so they are able 

to understand the need for it. (Croft and Cochrane, 2005) Gaining acceptance at the staff level can be 

challenge as getting-in by the employees who are going to use the new technology can be difficult to 

manage. Introducing changes within an organization can cause disruptions in patterns or behaviours that 

can cause loss of continuity, replace customary social structures and familiar relationships (Agboola & 

Salawu (2010). In America, between the academics school years of 1991-92 and 1996-97, inventories of 

computers grew to 186% with an additional 1.2 million computers added in 1996-97 alone. Same year 

there were an estimated 6.3million computers in virtually 100% of the nation schools (market data 

retrieval 1997 as cited by the US department of education, 2002). Schulz, et al (1987) and Pinto et al 

(1987) identified ten factors of success. Among them are the following factors that influence managers’ 

success: Clearly defined goals; Top management support of resources; detailed plan and implementation 

process; consultation with clients and stakeholders to determine expectations; monitoring and feedback; 

adequate communication with all the stakeholders including the project team; and the ability to handle 

expected problems. 

Hartman Ashrafi (2002), in their study of the information technology industry also identified four factors, 

clearly defined mission, top management support, detailed plan, and communication as the critical 

success factors. In a meta-analysis of over 700 empirical research studies,  

Schacter (1999) reported positive gains were observed in organizational achievement with staff who had 

access to:  

a. Computer assisted instruction. 

b. Integrated learning technology system. 

c. Simulation and software that teaches higher order of thinking. 

d. Collaborative network technologies. 

e. Design and programming technologies. 

As it stands now organizations have an overabundance of resources, which shows no sign of diminishing 

in the foreseeable future. While it is one thing to have resource and the potential power it brings, it is an 

entirely different matter to make effective use of that resource through management, control, and 

foresight. How organizations control processes and disseminate information and how they manage the 

technologies associated with it as the information/technological age progresses are becoming increasingly 

critical. Planning and implementation of technologies is an involved and complicated endeavor, and 

becomes more so with each new innovation. It is no longer enough to simply automate clerical tasks or 

transfer reams of data into a computer. Today’s technologically understanding organization must make 

use of integrated information systems, which will not only allow them to process data and perform 

clerical tasks but also provide services in a more effective and user friendly way. Integrated 

organizational or management information systems can offer better ways to provide for government 
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administration and service deliveries but getting there is no easy matter. Managers at all levels of 

organizations came to realize the power of technological resources and began to acquire their own 

systems to meet the needs that simple data processing could no longer address. 

The attention that technology was now garnering from a broader range of managers prompted a new focus 

by business schools and private sector organizations on developing management frameworks that would 

bring together distinct systems that produce Management Information System perspectives across a whole 

organization. McFarlan and McKenny (1995) call this “the Information Systems function.” 

Technologies in organizations according to Kraemer and King (1977), argued that the study of 

organizations computer technology system use and development should reorient itself to two major tracks 

of research. The first was integration and standardization of data processing and the second was increased 

attention to the relationship of information and computerization to management processes. The essence of 

this argument is that organization information resources needed to be organized and consolidated in such 

a way as to be useful for both the management and planning within the organization, i.e. information 

resource management. 

 

FACTORS TO CONSIDER BEFORE IMPLEMENTING NEW TECHNOLOGY  
In implementing new technology in an organization, there are some important things to remember before 

embarking on the implementation of new technology. The most important thing to learn from the ride 

sharing trend is that technology, no matter how new, create happy customers and will only succeed if it 

truly makes the lives of its users easier. A slightly more extreme, and hopefully incredibly unique, 

example of the implementation of new technology is the Galaxy Note 7. In an attempt to make a more 

efficient battery, Samsung somehow made a very literal ticking time bomb. The phones became 

explosive, and because of this, the technology will be completely scrapped. Of course, this is a very 

extreme example, but the lesson still stands.  

If the new technology that is being introduced does not make life more convenient, then it will certainly 

not succeed. 

On the other side of the spectrum is the implementation of the new Archive technology. This program 

was implemented by the University system to better serve its students, patients, and faculty. It works to 

streamline the processes that for years were done through a more paper intensive process. Now, those 

procedures are completely digital. This is a great example of how technological innovations can improve 

business operations and life. So while it can sometimes be frustrating to break routine or to learn a new 

process, if that new process will make your job or schooling easier in the end, it is worth a try. The most 

important things to keep in mind or questions to ask when it comes to implementing new technologies 

maybe, will it improve the lives of users? Will it positively disrupt the organization? Or can it be easily 

and effectively used by the customers’ teams? 

 

THE BENEFITS OF TECHNOLOGICAL ADVANCEMENT IN AN ORGANIZATION  
The benefits of new technology that go beyond the goals of the organization are too numerous and as such 

help management in the planning and initiating policies that will make organization overcome its 

challenges. As an employee, it can sometimes be frustrating to hear how the actions of the company will 

benefit the organization as a whole while you as an individual are not feeling those advantages right 

away. But this does not mean that those decisions will not positively impact you in the end. 

Many new implementations of technology can improve the efficiency of departments. Take for example, 

Human Resources. In regards to the introduction of biometric data of staff, many employees have already 

benefited fully from the streamlining of Human Resources processes. When those who serve and work 

alongside the organization are able to move faster, you are eventually going to feel the advantages and 

find them to be worthwhile. 

Good technology should benefit everyone who has to interact with it. Furthermore, after some training 

with the new tech, you should be able to increase your productivity and increase your skills at the same 

time. Ultimately this helps the organization and the individual. You might see the benefits from increased 

productivity in promotions, or raises, or just simply in a less stressful environment. 
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The advantages of new technology obviously depend on the organizations specific mission, but one very 

popular goal surrounding workplace technology is improved communication. This could include 

communication with peers, higher ups, and even customers. Either way, it is likely that improved 

communication will make your job easier and less stressful. The bottom line is that good technology 

should benefit everyone who has to interact with it. And if your organization is following best practices 

by investigating technology, transparently explaining the benefits to their teams, and getting everyone up 

to speed up with timely training, then there is nothing to fear and only progress to be gained. 

Technological change has been beneficial to both organizations and its employees. The adoption of 

technological innovations by organizations has exploded over the last few decades with global spending 

on technology across all industries reaching about an estimated and $2.6 trillion Schroeder, (2008). 

 Technological change can bring product to the market quicker and expand the skill set of employees, 

with organizations moving to things such as telecommuting. Technology can increase participation and 

involvement with remote employees. Technology can expand the potential pool of participants that are 

working and collaborating together on project through share data bases, on internal intranets and internet 

Schroeder, (2008).  

New technology can also help organizations stay more in touch with their market; rapid changes in the 

economic landscape of today’s business environment requires action to meet customers’ expectations. 

The addition of new technology can also benefit an organization by helping to shape its strategic vision as 

well as helping it to gain a competitive edge in their competition Norton, (1995). 

 

THE TECHNOLOGICAL CHALLENGES FACED BY MANAGEMENT OF ORGANIZATIONS  

The technological challenges of implementing new technology and how to address them by the 

management of organization is one thing this study seems to answer or address. It would be incredibly 

unrealistic to think that implementing new tech, even if it positively innovates, comes without any 

disadvantages. The trick is making sure that the advantages outweigh the disadvantages. Some of the 

disadvantages might include an initial decrease in productivity or push back from users. It’s vital to 

understand the possible frustrations of those who will be impacted by the implementation. Without this 

empathy, there will be no way to effectively address those frustrations. Whether you are trying to 

convince your employer to implement new tech, or you are the employer who is championing the 

implementation, it will be beneficial to talk with people who will be affected by the change. It’s also 

necessary to understand that no one technology can solve every problem. Here are some tips on how to 

address the disadvantages and how to approach push back at the initial stage. 

a. Be as transparent as possible when it comes to researching new technologies. Hiding the possible 

implementation will only serve to frustrate the users further. 

b. Get your own technology endorsers. Have people at each level of implementation there to talk 

positively about the new technology. 

c. Host quality training sessions. If everyone is well versed in how to use the technology there will likely 

be less push back against the implementation. 

d. Be patient. Whether you have already implemented the technology or you are affected by another 

implementation, try to be as patient as possible. This includes patience with the technology, as well as 

with the people involved in the project. Nothing, including innovation, happens overnight. 

Perceived Technological Challenges in Management of Organizations  

However, the major challenges organizations faces challenges, mostly when they move from one 

technology to a higher technology which includes the following: 

1. Information security (including data privacy, storage and management): The management of 

organization faces issue of how to set polices and procedure for systematically managing an 

organization’s sensitive data. The goal of an ISM (information security management) is to minimize risk 

and ensure business continuity by proactively limiting the impact of a security breach. 

2. Cloud computing: This consider how the practice of using a network of remote servers hosted on the 

internet to store, manage and process data, rather than a local server or a personal computer. 
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3.Social Media: The managers faces the issues of how to manage computer – mediated technologies that 

facilitate the creation and sharing of information ideas, career interests and other forms of expression 

through virtual communities and network. 

4. Risk Management and Governance: They consider the actions, processes traditions and institutions 

by which authority is exercised and decisions are taken and implemented. Risk governance applies the 

principles of good management and communication of risks. 

5. Regulatory Compliance: They consider also how their specifications are relevant to its business. 

6. Technology Integration and Upgrading: The managers are afraid of the technological tools in 

general content areas in education in order to allow their staffs to apply computer and technology skills to 

problem- solving and upgrading.   

7. Resource Management: Another major problems they face is the issue of efficient and effective 

deployment of an organization’s resources when they are needed. Such resources may include financial 

resources, inventory, human skills, production resources, or Information Technology. 

8. Infrastructure Management: The managers are afraid because for an organization’s information 

technology, infrastructure management is the management of essential operation components, such as 

policies processes, equipment data, human resources, and external contacts for overall effectiveness. 

Infrastructure management is sometimes divided into categories of systems management, network 

management and storage management. It equally seeks to reduce duplication of effort, enhance the flow 

of information through an information system and ensure interpretation and usage among organizations 

and external entities. 

9. Fraud Monitoring: With the new invention of technology, managers are so afraid of fraud detection, 

which is a topic applicable to many industries including banking and financial sectors, insurance, 

government agencies and law enforcement and more. Through the use of sophisticated data mining tools, 

millions of transactions can be searched to spot patterns and detect fraudulent transactions. For example 

the introduction of BVN Biometric verification numbers by CBN and commercial banks. 

10. Business continuity/Disaster Recovery: Disaster recovery and business continuity planning are 

processes that help organization prepare for disruptive events whether those events might include a 

hurricane or simply a power outage that can caused a backhole in the parking lot or like malfunctioning 

software caused by a computer virus 

 

CONCLUSION 

In this study having discovered the many suggestions and contributions made by authorities in this 

direction of the effect of technological challenges in the management of organization. I felt that they are 

right in some ways but I believed that if the suggested way forward are follow, it will help organizations 

in solving some these problems. This is because managing employees’ acceptance of technological 

change can be a challenge for any organization. To successfully implement a technology change, several 

areas need to be affectively addressed to avoid challenge with internal conflict, or resistance by staff to 

the change which can be managed. Employee training, communication and a multi-generational work 

force should all be considered and planned for when selecting a new technology. These can be addressed 

with a well-defined implementation plan, an effective training plan and open communication between 

employees and management. Summarily, 

Technological development has become a mainstay in our society: it has an impact on almost every 

function of our lives. We have truly become an information and technology based society. Considering 

the contributions which technology has on our lives it is doubly important that the institutions which 

provide the frameworks for our organization management are able to make use of the tools which have 

become so important for our organizational operations. 

Part of this ability must include the management of information technologies themselves. The need for 

effective technological implementation has never been more important. The ability to work within this 

environment can spell the difference between an efficient and effective organization and one that 

continually falls behind or struggles in vain to keep up. Nowhere is this more apparent than within our 

organizations. The problems of technological challenges of management organization and the 
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implementation are expanded in this environment due to a number of factors: costs and available 

resources, expertise levels and technical skills, the nature of technology, the nature of the environment, 

and ultimately the organizational culture. 

In conclusion, technology change can be difficult to manage. And organizations can increase their ability 

to successfully implement these changes if they plan, with effective communication, manage conflict and 

monitor all aspects of the change they are making. 

In my view having ex-ray the various views and opinions of the authorities, I came up to say that 

management can overcome the challenges of technological implementation only when proper evaluation 

and the benefits accrue to such technology is consider. Also incorporating the opinion of the stakeholders, 

employees, and the environment of the organization.  

 

The Way Forward to Overcome Technological Challenges 

While researching this paper several areas stood out that warrant further exploration. These areas are as 

follows: 

1. The appropriate time to deliver new technology training and the monitoring of the technology changes 

once they are implemented. 

2. Limited information could be found in industry best practices for the timing of when to deliver 

technology changes which is an important area to consider when managing technology change. 

3. Study has shown that effective delivery of training can impact employee’s acceptance and use of a new 

technology. 

4. Creation of the necessary awareness in all organs of government-Executive legislative, Judiciary and 

the press. 

5. Creation of good investment climate, economy and infrastructure to support entrepreneurship and 

innovation in technology development. 

6. Government aggressive human capacity push through training workshops seminars and courses in 

collaboration with local and international institutions. 

7. Calls for the development, expansion and modernization of technology/communication infrastructures 

of active universal service as access to basic technological services. 

8. Creation and funding of scientific development and technological capability, R/D institutes to enhance 

advancement in overcoming the challenges faced. 

9. Government to encourage effort of selecting and training of young scientists and youths in areas of 

technological advancement in the country from their early age just like Japan and China. 

10. Concentration on fixing management issue and instilling a new culture in the organization decision 

and policy making. 

11. Since government alone cannot fund technological advancement, the private sector should be 

encouraged through tax holiday to support and finance this project. 

12. Supporting development programs aims at creating and promoting innovation and sustainable 

business models in technology. 

13. Promotion of academic and industry collaboration in enhancing technological development. 

14. Open policy for the press to play a key role in creating awareness about the benefits and advancement 

in encouraging technology in the management of organizations. 

15. Good leadership is crucial to the successful realization of technological goals. 

16. Improved and increase quality of education to generate technological development in organization. 

17. Technological cities or villages to be created by Government in partnership with the private sector and 

the international collaborators. 
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Technological Challenges in Management of Organizations 
 
Untuk tetap kompetitif dalam ekonomi global, bisnis perlu beradaptasi dengan lingkungan 
yang terus berubah memenuhi kebutuhan pelanggan mereka. Tetap kompetitif berarti terus 
berkembang sebagai organisasi dan membuat perubahan pada proses dan teknologi untuk 
mendapatkan keunggulan kompetitif atas pesaing mereka. Organisasi harus menjadi mahir 
dalam membawa teknologi baru dan mengelola tantangan yang ada bersama dengan 
mengimplementasikan perubahan. Perubahan sifat ini dapat memberikan manfaat signifikan 
bagi organisasi tetapi juga dapat menghadirkan banyak tantangan yang perlu dikelola untuk 
menghasilkan hasil yang positif. 
 
Masalah muncul ketika organisasi berusaha untuk membawa teknologi tanpa manajemen 
dan pelatihan untuk karyawan mereka. Apa yang disediakan model adalah kerangka kerja 
yang dirancang untuk mengatasi masalah dan kebutuhan proses tertentu yang terkait lintas 
organisasi dengan keadaan yang sebanding. Intinya, sebuah model memberikan alternatif 
untuk menciptakan kembali roda perubahan di setiap saat proyek implementasi dilakukan, 
dan inilah mengapa kemajuan atau perubahan teknologi telah menyebabkan banyak 
tantangan yang dihadapi oleh manajemen organisasi. 
 
Dalam penelitian ini telah menemukan banyak saran dan kontribusi yang dibuat oleh pihak 
berwenang dalam hal ini arah pengaruh tantangan teknologi dalam pengelolaan 
organisasi. Dalam penelitian ini, si peneliti merasa begitu dalam beberapa hal benar tetapi ia 
percaya bahwa jika jalan yang disarankan diikuti, itu akan membantu organisasi dalam 
memecahkan beberapa masalah ini. Ini karena mengelola penerimaan karyawan terhadap 
teknologi perubahan bisa menjadi tantangan bagi organisasi mana pun. Untuk berhasil 
menerapkan perubahan teknologi, beberapa area perlu ditangani secara efektif untuk 
menghindari tantangan dengan konflik internal, atau penolakan oleh staf untuk perubahan 
yang bisa dikelola. Pelatihan karyawan, komunikasi, dan pekerjaan multi-generasi semua 
kekuatan harus dipertimbangkan dan direncanakan ketika memilih teknologi baru. 
 
Ini bisa diatasi dengan rencana implementasi yang jelas, rencana pelatihan yang efektif dan 
komunikasi terbuka di antaranya karyawan dan manajemen. Ringkasnya, Perkembangan 
teknologi telah menjadi andalan dalam masyarakat kita: Itu  memiliki dampak pada hampir 
setiap fungsi hidup kita. Ketika benar-benar menjadi masyarakat berbasis informasi dan 
teknologi. Mengingat kontribusi yang dimiliki teknologi dalam kehidupan kita, dua kali lipat 
lebih penting daripada institusi mana menyediakan kerangka kerja agar manajemen 
organisasi kita dapat menggunakan alat yang dimiliki menjadi sangat penting untuk operasi 
organisasi kami. Bagian dari kemampuan ini harus mencakup manajemen teknologi 
informasi itu sendiri. Kebutuhan untuk implementasi teknologi yang efektif tidak pernah lebih 
penting. Kemampuan untuk bekerja dalam hal ini lingkungan dapat mengeja perbedaan 
antara organisasi yang efisien dan efektif dan yang berbeda terus-menerus tertinggal atau 
berjuang dengan sia-sia untuk mengikutinya. Tidak ada yang lebih jelas dalam organisasi 
kita. Masalah tantangan teknologi organisasi manajemen dan implementasi diperluas dalam 
lingkungan ini karena sejumlah faktor: biaya dan tersedia sumber daya, tingkat keahlian dan 
keterampilan teknis, sifat teknologi, sifat lingkungan, dan akhirnya budaya organisasi. 
 
Kesimpulannya, perubahan teknologi bisa sulit untuk dikelola. Dan organisasi dapat 
meningkatkan kemampuan mereka untuk berhasil mengimplementasikan perubahan ini jika 
mereka merencanakan, dengan komunikasi yang efektif, mengelola konflik dan pantau 
semua aspek perubahan yang mereka lakukan. Dalam pandangan penulis dalam penelitian 
ini, setelah memeriksa berbagai pandangan dan pendapat pihak berwenang, ia datang 
untuk mengatakan itu manajemen dapat mengatasi tantangan implementasi teknologi hanya 
ketika evaluasi yang tepat dan manfaat yang diperoleh dari teknologi tersebut 
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dipertimbangkan. Juga memasukkan pendapat para pemangku kepentingan, karyawan, dan 
lingkungan organisasi. 
 
Organisasi perlu mempekerjakan lebih banyak manajemen yang produktif dan fleksibel, 
memenuhi kebutuhan manusia dan bisnis mereka. Pemahaman dan kontribusi bervariasi 
yang dibuat oleh para peneliti, akademisi, dan Praktisi di bidang studi ini. Dengan fokus 
pada pertukaran realitas pengalaman manajemen dan kemakmuran tentang keadaan 
teknologi tantangan dan riset manajemen untuk masa depan. Karena semua fakta penting 
ini, manfaatnya didapat dari kemajuan teknologi seperti perubahan teknologi dapat 
membawa produk ke pasar lebih cepat dan memperluas seperangkat keterampilan 
karyawan, dengan organisasi pindah ke hal-hal seperti telecommuting. 
 
Teknologi dapat meningkatkan partisipasi dan keterlibatan dengan karyawan jarak 
jauh. Teknologi bisa berkembang kumpulan potensial peserta yang bekerja dan 
berkolaborasi bersama dalam proyek melalui berbagi data pangkalan, pada intranet internal 
dan internet dan tantangan, seperti keamanan informasi, Cloud Komputasi: Masalah Media 
Sosial, Manajemen Risiko dan Tata Kelola , Kepatuhan terhadap Peraturan, Integrasi 
Teknologi dan Upgrading. Manajemen Sumber Daya, Manajemen Infrastruktur, Penipuan 
Pemantauan, Kontinuitas Bisnis / Pemulihan Bencana semua dibahas dan kemungkinan 
solusi untuk cara maju ditawarkan 
 
Pada akhirnya kita dipertanyakan solusi apa untuk menghadapi tantangan – tantangan 

kedepannya. Setelah tahu dimana letak permasalahan itu sendiri. 

Saat meneliti makalah ini, penulis atau peneliti menemukan beberapa bidang menonjol yang 
memerlukan eksplorasi lebih lanjut. Daerah-daerah ini adalah sebagai contoh: 
1. Waktu yang tepat untuk memberikan pelatihan teknologi baru dan pemantauan 

perubahan teknologi setelah mereka diimplementasikan. 
2. Informasi terbatas dapat ditemukan dalam praktik terbaik industri untuk waktu kapan 

pengiriman perubahan teknologi yang merupakan area penting untuk dipertimbangkan 
saat mengelola perubahan teknologi. 

3. Studi telah menunjukkan bahwa penyampaian pelatihan yang efektif dapat memengaruhi 
penerimaan dan penggunaan karyawan baru teknologi. 

4. Dll 
 
Sekian. 
 
Regards- 
Novita Anggraini 
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ABSTRACT
This study explores TV viewers’ user experience (UX) of the conversational agent (CA) assisted interac-
tions while watching TV. In the human-computer interaction field, the user experience is primarily
measured through performance and subjective self-reported data. But TV is an entertainment medium,
the user experience of TV viewers should be determined based on how much the TV viewers enjoyed
and immersed, rather than productivity or performance. It is also necessary to collect objective data as
well as subjective self-report results of emotional experiences. Although the CA is becoming increasingly
common in everyday life, the user satisfaction is still not high. However, this is mainly a result of
evaluation in the performance aspect, and few studies have been carried out on the overall user
experience including emotional aspects. To comparatively analyze the user experience with the CA
interface and remote control unit (RCU) interface, we adopted physiological measurements for objective
data as well as self-report questionnaires. Among the physiological measurement results, skin conduc-
tance (SC) differed between CA and RCU interactions. SC was high at the beginning of the CA interaction
but decreased over time. In RCU sessions, SC maintained a constant value or rather increased. In the self-
reporting results, the ergonomic quality of the RCU was higher than that of the CA. However, CA was
evaluated more positively in terms of hedonic quality. CA had a greater effect on the overall attractive-
ness while having more emotional appeal. Additionally, a partial correlation between objective data and
self-report results could be observed. In sum, subjective self-reports showed that CA provides a more
positive TV UX with regard to emotional aspects. Physiological measurement results provide objective
data for further understanding user experience by showing specific differences in cognitive involvement
and emotional response changes during user interactions.

1. Introduction

1.1. Conversational agent (CA) and TV

The TV is one of the typical entertainment products that provide
pleasure at low cost. As the TV platform has been combinedwith
the Internet and various functions (e.g., games and social media)
can be accommodated, TV is evolving quickly. However, despite
the technological changes, the TV usage pattern of viewers has
not changed much. This fact is demonstrated through the study
results showing that the usage rate of new functions provided in
smart TVs is very low (Darnell, 2007). In this regard, Cesar and
Chorianopoulos (2008) claimed that the new TV experience
should be designed by considering the TV contexts, and that
the viewers should “keep on enjoying strong storytelling.”

Based on the voice recognition technology, CAs, such as
the recently developed Apple Siri, Amazon Alexa, and Google
Assistant, provide information including weather data and
assist tasks in our daily lives such as playing music.
Furthermore, by combining it with a device such as TV, the
CA performs the role of an assistant that helps the user. It is
obvious that without changing the TV viewing context, the

CA assists a user who feels uncomfortable with the complex
TV control function (e.g., text input and content search). CAs
appeared in the late 2000s. Because of the low voice recogni-
tion rate and insufficient database, the CA technology was
advancing at a lower rate. In recent years, the CA functions
have been improving at a faster pace through technological
advancements such as machine learning and cloud-based big
data accumulation. However, as pointed out by researches on
smart agents by Bushnell (2018) and Murnane (2018), and the
review on Amazon Alexa by Reeves (2017), it has not yet
reached the ultimate target of being a “natural computing
paradigm.” According to the 2018 Mobile Communication
Planning Research of Consumer Insight in South Korea
(2018), the South Korean CA user satisfaction has not even
reached 50% (only 49%). The number one dissatisfaction of
CA users was “voice command is not delivered properly”
(50% out of total dissatisfactions). In other words, the CAs
that have been implemented so far still need functional
improvements. Furthermore, the interaction type is not at
a natural “conversation” level, but remains as one of the
control methods that use “voice.”
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1.2. User experience (UX) and emotions

According to the “computers are social actors” paradigm pro-
posed by Nass, Steuer, Tauber, and Reeder (1993), when
a person interacts with a computer, he/she reacts as if dealing
with a human being subconsciously. Because the CA has
a personification attribute called “voice,” there is high possibility
of personifying the counterpart during interaction with the CA.
According to a chatbot study by Hill, Ford, and Farreras (2015),
the conversation time of a user and chatbot is shorter than the
conversation time with a person but longer than an instant
message; moreover, the contents and quality of conversation
are different. Based on an analysis of online reviews of
Amazon Alexa users, Purington, Taft, Sannon, Bazarova, and
Taylor (2017) asserted that as social interactions increase, the
tendency to personify the CA increases, and when the personi-
fication tendency is high, the user satisfaction is also high.

For a long time, human-computer interaction (HCI)
research has been paying attention to the cognitive aspects of
human factors and usability analysis for user satisfaction. Such
a perspective has been regarded as an appropriate assessment
method in the case of a device that places importance on the
productivity or machine performance. However, for entertain-
ment products such as games and TV that place importance on
emotional aspects, e.g., fun and engagement, studies need to be
carried out in the UX perspective, which includes emotional
experience as well as usability. UX studies have been conducted
in various ways in many areas, and there are many opinions
regarding their scope and effects (Brajnik & Giachin, 2014; Law
& Sun, 2012; Mahlke, 2008). Inspite of this, it is a common
characteristic that the emotional aspects are emphasized as
important factors of UX (Gaver & Martin, 2000; Hassenzahl,
2001; Hassenzahl & Tractinsky, 2006; Jordan, 2002;
Lenderman, 2006; Mahlke & Thüring, 2007). Norman (2004)
claimed that the effect of emotional impact on the UX is larger
than that of the usability. Chitturi, Raghunathan, and Mahajan
(2008) viewed that people focus choices on the design and
exterior appearance instead of functions and performance
that are not clearly visible on the outside. Tractinsky, Shoval-
Katz, and Ikar (2000) asserted that the esthetics factor is eval-
uated by being closely combined with the usability, and while
emphasizing the importance of emotional factors. In 2002,
based on a result that the viewers liked more the user interface
(UI) that incurred more time and errors in a video skipping UI
assessment, Drucker, Glatzer, De Mar, andWong (2002) stated
that the subjective satisfaction of users was different from the
efficiency measurement standard. Studies on the emotional
experiences of TV are also increasing. There are many studies
on TV that emphasize the importance of emotional aspects.
Bernhaupt and Pirker (2013) determined that esthetics, emo-
tion/effect, and stimulation were the most important factors of
UX for interactive TV. In addition, Drouet and Bernhaupt
(2016) selected esthetics, emotion, meaning, value, and identi-
fication as major factors of TV UX study. In a study on UI
evaluation of interactive TV, Chorianopoulos and Spinellis
(2004) claimed that the emotional responses of viewers for
TV content should be evaluated for TV viewing experience
and emotional experiences for TV should be measured through
various methods.

1.3. Physiological measurements for everyday products

Many studies asserted that the user “emotion” plays an important
role in the UX of entertainment products; however, it is very
difficult to measure emotions and quantify them. Emotion data
are usually obtained from the results of subjective responses (self-
report questionnaires), thinking aloud, heuristic evaluation, and
contextual inquiry. Because it relies on the user’s recall or sub-
jective expression, which makes it difficult to measure objectively
and focuses on the result rather than the process (Wilson & Sasse,
2000b). The emotional assessment should also consider
a quantitative datameasurementmethod, such as usability testing,
which uses data based on an objective standard such as perfor-
mance time or error frequency. One of the methods proposed to
address these issues is physiological measurement (Kreibig, 2010;
Mandryk, Inkpen, & Calvert, 2006; Yao et al., 2014). Physiological
measurement is a method generally used to determine human
emotions in the psychology area and includes heart rate (HR),
skin conductance (SC), brain wave (EEG), and facial muscle
activity measurements. It involves the measurement of cognitive
effort or emotional response by attaching a sensor on the face or
the body and sensing the physiological state (frowning, smiling,
perspiration, etc.) signals appearing as a result of interaction
(Ekman, 1999). Levenson (1992) and Hamdi, Richard, Suteau,
and Allain (2012) asserted that physiological data sources clearly
produce different results from each other depending on the emo-
tions. In a physiological measurement experiment targeting game
users, Mandryk et al. (2006) presented a result that the physical
responses between games having a computer as opponent and
games having a friend as opponent were different. They deter-
mined that a more specific and an accurate evaluation would be
possible through a cross-verification of quantitative data and
subjective data obtained directly from users. Yao et al. (2014)
also collected physiological data and self-report data together in
a UX evaluation of a mobile application. They asserted that
through a result showing correlations between SC results and self-
report data, the physiological measurement can be one of the
effective methods for UX evaluation.

1.4. Overview of the research

The goals of this study are: first, to investigate if the CA has
different effects from the conventional interface, i.e., remote
control unit (RCU), on the TV viewing experience, when view-
ing or controlling the TV. To this end, the difference between the
CA and RCU will be comparatively measured. Second, we will
collect objective data on the user experience through physiolo-
gical measures, along with subjective self-report questionnaires.
Through this, we will see how users’ cognitive interventions or
emotional responses appear in the interaction process. Third, we
will measure the correlation between subjective self-report
results and physiological recordings. It aims to determine if
physiological measurements are appropriate as a UX measure-
ment method for entertainment products such as TV.

2. Methods

The experiment was conducted at theNeuro-Business Laboratory,
Korea Advanced Institute of Science and Technology, for 10 days
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fromNovember 26 to December 6, 2018, and 42 people (21 males
and 21 females) participated including the pilot participants. The
experiment participants were students of the Institute, nearby
university students, and office workers. Their ages ranged from
20 to 44 years and the average age was 29.02 years.

The experiment was carried out in the following
sequence: (1) the experiment was explained to the partici-
pants first and then, the experiment participation agree-
ment was signed; (2) sensors were attached for
physiological response data collection; (3) the control
method for interface 1 was studied and preliminarily eval-
uated; (4) the experiment was performed; (5) the experi-
ment result was evaluated; (6) steps (3) to (5) were
repeated for interface 2. The total time consumed was 70
min on average, and the sequence of RCU and CA con-
trols was counterbalanced by randomly assigning partici-
pants to one or another order. Specifically, half of the
participants (n = 21) started by using interface 1, and
the other half started with interface 2. In the preliminary
evaluation before the experiment, the participants
answered to questions regarding their expectations on
the control method, and in the post-event evaluation con-
ducted after each experiment, the participants responded
to their experience after using it. That is, a subjective
evaluation method was adopted. The physiological data
of participants were stored separately through sensors
attached on their faces and bodies during the experiments
(see Figure 1).

2.1. Tasks for TV UX

In the experiment, different tasks related to 14 TV viewings were
performed (Table 1). According to the difficulty level, they were
composed of 50% easy tasks, 30%moderately hard tasks, and 20%
very difficult tasks. The performing sequence, performing time,
goal, and difficulty level for the tasks in the CA session and those
in the RCU session were designed to be as similar as possible. Task
8 is about controlling the video-on-demand (VOD) content. This
task is complicated that we separated it into the two subtasks (T8a
and T8b). Reliability analysis results for the CA tasks and RCU
tasks showed a relatively high internal consistency (Cronbach’s
alpha = 0.789).

2.2. Interfaces: Conversational agent (CA) and remote
control unit (RCU)

TheCApenetration rate per household in South Korea is approxi-
mately 11% as of April 2018 (Consumer Insight, 2018). According
to the report, the most widely distributed CA service is Giga
Ginnie (39%), which is combined with the Internet Protocol TV
(IPTV) set-top box and serves as an assistant in watching TV
(Figure 2). The method to use of Giga Ginnie consists of wakeup
(e.g., “Hey Ginnie”) and response (“Yes”) → command (e.g.,
“What time is it?”) → execution/response sequences, similar to

that of other CAs (see Figure 3). In such a method, as Reeves
(2017) had mentioned, speaker selection issue or question-answer
pairs issue exists. For example, if the wakeup and command
sequences are exchanged (e.g., “What time is it now, Ginnie?”),
the command spoken before the wakeup command is ignored
(speaker selection issue). Furthermore, when a speaker says com-
mands consecutively or provides a feedback for a response of the
CA, there is a constraint that the commands are recognized only if
the wakeup (“Hey Ginnie”) and response (“Yes”) steps are per-
formed (question-answer pairs issue).

In the case of the rate of semantic interpretation for voice
recognition, the recognition rate of simple commands composed
of objects and verbs only (e.g., “Turn on the TV,” or “Show today’s
weather”) was more than 90% on average. However, when
a command contained two or more actions (e.g., “Turn on the
TV and show today’s weather”), the result could not be predicted.
Either CA performed all commands or performed only one.
Considering these problems, tasks were created based on objects
and verbs so that they can be executed properly. When the
execution step is complex, the task is divided into subtasks. The
difference in voice recognition rate among users was not large but
exists. The recognition rate was slightly different depending on the
voice tone, height, and volume. In order to reduce the gap, we
made a voice guide for interaction with CA and provided it to the
participants to practice before the experiments.

2.3. Measurements

2.3.1. Physiological measurements
2.3.1.1. Heart rate change. Heart rate deceleration has been
known as a sign of attentional resource allocation to external
stimuli or cognitive effort (Lang, 1990; Lang, Newhagen, &
Reeves, 1996; Park & Bailey, 2017). Procedures for physiological
data collection followed guidelines described by Potter and Bolls
(2012): to observe heart rate change during the execution of each

Figure 1. The flowchart of this experiment.

Table 1. Tasks for the experiments of CA and RCU.

Task
no. Difficulty Goal of task

CA Mean time
(sec.)

RCU Mean
time(sec.)

T1 Low TV on 12.59 10.11
T2 Low Volume up 5.2 2.49
T3 Low Volume down 5.5 3.2
T4 Low/

medium
Channel zapping to near
channel

5.42 6.2

T5 Medium/
high

Channel zapping to
remote channel

4.93 18.4

T6 Medium Menu navigation 6.29 6.96
T7 High Search & play 20.52 29.8
T8a Medium VOD control 5.83 3.76
T8b Low VOD play off 7.9 3.39
T9 Low Channel zapping 5.4 3.2
T10 High Search & navigation 7.89 11.32
T11 Medium Menu navigation 6.27 2.93
T12 Low Volume control 5.53 2.59
T13 Low TV off 5.39 1.9
Total time 99.26 103.05
Cronbach’s alpha .789
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task, participants’ raw electrocardiogram (ECG) data was col-
lected at a sampling rate of 1 kHz, which was converted to heart
rate as milliseconds between beats. This heart rate data was then
averaged over one-second periods for 20 s (13 s before completing
an order via the interface in use, and 7 s after giving the order).
Three Ag-AgCl electrodes were used to collect participant’s heart
rate data; one electrode was placed on each forearm, and the third
electrode placed just above the non-dominant arm’s wrist as
ground (Figure 4).

2.3.1.2. Skin conductance level (SCL). Literature shows that
skin conductance (SC) can be used as an index of individual’s
physiological arousal (Bolls, Lang, & Potter, 2001; Hudlicka,
2011; Lang, 1990). Yao et al. (2014) reported elevated skin
conductance responses in individuals for failure in executing
tasks compared to successful trials. Like heart rate data, the
general procedure for collecting SC data followed guidelines
proposed by Potter and Bolls (2012): SC data was initially

collected at a sampling rate of 1 kHz, then averaged over one-
second periods for the whole 20 s for each task executed.
Participants’ skin conductance data was collected using
a pair of standard Ag-AgCl electrodes placed on the medial
phalanges of two fingers of the participant’s non-dominant
hand and recorded as microsiemens (µS).

2.4. Ergonomic quality and hedonic quality
measurements for UX

According to Hassenzahl, Diefenbach, and Göritz (2010),
a product’s character is a set of product attributes that are
created by a combination of product features and user expec-
tation or standard. A product’s character can be explained
mainly by the following two attributes: pragmatic attributes
(e.g., efficiency) and hedonic attributes (e.g., pleasure).
Pragmatic attributes include usability factors such as useful-
ness and effectiveness, and hedonic (= emotional) attributes

Figure 2. TV remote control (left) and conversational agent system (right) for Giga Ginnie.

Figure 3. The interaction process between the user and conversational agent.

Figure 4. Sensors and software used for gathering physiological data. (a) sensors to measure heart rate (HR); (b) sensor to check skin conductance (SC); (c)
AcqKnowledge 4.1 software for gathering physioligical data.

4 S. LEE ET AL.



indicate emotional factors such as fun and boredom.
Hassenzahl et al. (2010) proposed the AttrakDiff2 question-
naires to measure the pragmatic attributes and hedonic attri-
butes. AttrakDiff2 consists of four quality dimensions, namely
pragmatic quality (PQ), hedonic quality (HQ)-satisfaction
(HQ-S), hedonic quality-identification (HQ-I), and attractive-
ness (ATT). It indicates the overall experience satisfaction and
has a method of choosing a level similar to a person’s own
mood state by having mutually opposing (semantic differen-
tial) adjectives on both sides. After finishing each experiment,
the participants evaluate subjectively the AttrakDiff2 ques-
tions that ask about their own feelings. The PQ consists of
seven items for the usefulness aspect such as “complicated–
simple” and “unpredictable–predictable.” The HQ consists of
seven HQ-S items and seven HQ-I items. The HQ-S consists
of “conventional–inventive,” “dull–captivating,” etc., and the
HQ-I consists of emotional adjectives such as “isolating–con-
nective” and “tacky–stylish.” ATT refers to the overall UX,
which combines the perceived HQ and PQ, and consists of
seven items such as “repelling–appealing” and “bad–good.”
Each item consists of seven scales from −3 to +3, and a higher
value indicates that the user has a more positive experience.

3. Results

3.1. Results of task performance

Among the physiological response results, the cases in which
videos were difficult to replay due to controller mistake were
excluded, and the measurement data of 37 persons in the CA
session and data of 35 persons in the RCU session were
analyzed. As for the measurement target tasks, nine tasks
were chosen as analysis targets by excluding the tasks in
which the performance time was difficult to calculate (T1,
T2, T3, and T12), and which showed an extremely large
time difference between the CA and RCU sessions (T5). In
the RCU session, two cases were not recorded due to video
recorder controlling error. For the task measurement scope,
the time from the utterance (or clicking a remote controller
button) to screen switching time point was estimated to be 5 s,
and based on the screen switching time point (7 s afterward
and 13 s beforehand), a total of 20 s was set as the task scope.
The analysis was performed for this section. For Task 7, which

has complex performance steps, a 60 s section of 7 s after and
53 s before the screen switching was analyzed. Among the
measurement target tasks, the success cases were analyzed
first, and the cases that failed were categorized separately
and comparatively analyzed with the physical response
changes of the experiment participants to determine if there
were differences between the interface controls. Figure 5
shows the overall results of each task completion rate. The
reason for the failure of the tasks was mainly the participant
failed to input the text or could not find the menu in the RCU
session. In CA sessions, most of the task completion failures
were due to the voice command recognition errors. Between
the RCUs and CAs, the task completion rate was higher in the
RCU session (RCU = 96.6%; CA = 93.75%).

3.2. Physiological measurement results

For each task performed in the CA and RCU sessions,
repeated measurement analyses were carried out to examine
if there were differences in SC measurement values for each
task performed. For all the tasks excluding Task 7, the data of
13 s were extracted from the data that recorded 20 s by
excluding the dummy data at the front part, and the differ-
ence between the interfaces was measured. The SC result
showed significant differences partially or overall in the
seven tasks among the total of nine tasks (see Table 2).

SC changed significantly over time in the T6, T7, T8b, T9, and
T13 tasks of the CA session. T6, T8a, T10, and T13 were the tasks
that showed differences by interface and time. The most common
graph shape for CA was a high SC score at the point of utterance
which then decreased over time (see Figure 6a). Figure 6 shows
the changes in SC. Overall, it indicates a significant difference in
SC between RCU and CA. CA showed the highest SC value at the
start and gradually decreased, while RCU showed no significant
change or rather increased over time. The results imply that
participants’ emotions responded differently even though they
performed similar tasks. For example, Task 6 concerns content
retrieval. In the RCU session, it was necessary to click the RCU
button repeatedly to find the content title, which is at a lower level.
Task 8a also took time because it required going through several
stages to reach the goal. In T10 and T13, the SC increased over
time in the RCU session. In Task 10, the content’s title was hidden
so that the participants might feel difficulty in predicting the

Figure 5. Task completion rates of RCU and CA.
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destination. Task 13 was a very easy task with the TV off, but the
feedback points were different. In the CA session, after the parti-
cipant gave the command to turn off the TV, the CA’s “Turn off
the TV” feedback appeared first and then the TV screen blacked

out. In the RCU session, however, after the RCU’s power-off
button was pressed, the TV screen blacked out without any
additional feedback. On the other hand, in the CA session, it
was assumed that cognitive effort is required at the initial stage
of interaction. In all tasks, the SC was highest at the beginning of
the interaction and then decreased over time. A previous study
(Nakasone, Prendinger, & Ishizuka, 2005) indicates that high SC
values are associated with negative emotions. Therefore, it is
speculated that cognitive effort by the user is required at the voice-
command stage and that negative emotions are caused by this.
The reason for the decrease in SC is that the tension is relieved and
the uncertainty disappears when feedback is received immediately
after the voice command is given.

The implications of the recorded SC results are as follows:
In CA interactions, the cognitive effort is necessary at the
beginning for the process of constructing complex com-
mands. This seems to be due to the fact that most of the
participants were not familiar with controlling a TV with
CA, and they may have been burdened by following the
voice command sequences. Clicking a button on a remote
control, on the other hand, although repetitive, has not been
regarded as mentally burdensome. However, the graphical
results indicate that as the process of reaching the destina-
tion becomes longer, negative feelings such as uncertainty or
stress increase.

The HR data showed statistically significant differences in
Task 4 (interface × time: F(12, 408) = 2.640, p < .01) and task
10 (interface × time: F(12, 396) = 1.919, p < .05). The char-
acteristics of heart rates data, however, showed no significant
change over time as in SC, but showed a contrast between the
two interactions according to time (see Table 2).

Table 2. SC and HR results in the experiments with CA and RCU.

SC HR

Tasks Model
Mean
Sq. F Sig.

Mean
Sq. F sig.

T4 Interface(1 = CA, 2
= RCU)

.055 .072 .790 2327.540 .692 .411

Time .023 .719 .733 220.058 .566 .869
Interface*Time .047 1.079 .376 1334.960 2.640 .002**

T6 Interface 2.719 4.781 .036 46.027 .012 .912
Time .077 3.408 .000*** 278.396 .689 .763
Interface*Time .144 7.080 .000*** 276.874 .803 .648

T7 Interface 14.810 1.471 .234 5662.037 1.036 .317
Time .112 1.562 .007** 255.085 .736 .920
Interface*Time .066 1.203 .155 344.467 .948 .581

T8a Interface .274 .427 .519 291.560 .248 .622
Time .063 1.644 .078 148.131 .515 .905
Interface*Time .063 3.049 .000*** 359.552 .940 .506

T8b Interface .248 .304 .586 7404.521 3.382 .076
Time .060 1.967 .026* 370.552 .970 .477
Interface*Time .033 1.669 .072 347.664 .932 .515

T9 Interface .694 .902 .349 1722.355 .812 .374
Time .116 3.946 .000*** 371.191 .898 .549
Interface*Time .011 .554 .878 547.172 1.301 .215

T10 Interface .317 .356 .555 3.628 .001 .972
Time .037 .781 .671 153.991 .370 .973
Interface*Time .302 5.245 .000*** 800.609 1.919 .031*

T11 Interface .263 .474 .497 2978.173 .775 .386
Time .040 1.602 .089 350.442 .978 .469
Interface*Time .018 .698 .754 294.377 .767 .684

T13 Interface 8.939 5.131 .03* 1.217 .000 .983
Time .089 2.033 .021* 209.757 .698 .754
Interface*Time .158 4.009 .000*** 476.760 1.698 .065

*indicates level of significance. ***p value < .001, ** p value < .01, * p value < .05

Figure 6. Upper side shows the interaction between SC and RCU (a) and SC and CA (b).SC data for each task in RCU interaction (a’) and CA interaction (b’) are shown
below.
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3.3. UX evaluation results

Repeated measurement analyses were conducted to compare
if there are differences between the interfaces (CA and RCU)
in terms of UX dimensions (PQ, HQ-I, HQ-S, and ATT).
Consequently, the PQ showed a significant difference, and
a correlation was shown between the interface and UX dimen-
sions. Furthermore, significant differences were shown
between the HQ-S dimension and the interfaces in terms of
interface, UX dimensions, and interface × UX dimensions. In
the HQ-I dimension, there were differences between the
interfaces, and a correlation was shown as well. In the ATT,
there were significant differences between the two interfaces,
but no correlation appeared (see Table 3).

A two-tailed paired t-test was conducted to compare the
difference between the CA interaction and the RCU interaction
for significance (Table 4). Among the perceived pragmatic
quality dimension, “predictable” (t(40) = 4.394, p < .001),
“clearly structured” (t(40) = 3.483, p < .05), and “manageable”
(t(40) = 4.833, p < .001) in the RCU interaction were signifi-
cantly larger than in the CA interaction. The mean value of

“human” (t(40) = −.2816, p < .05), one of the pragmatic quality
attributes, was significantly higher in the CA interaction than
in the RCU interaction. In summary, participants responded
that CA felt more like a human than RCU. At the same time,
they had a much more unpredictable, confusing and unruly
experience in the CA interaction.

The result of the hedonic quality dimension was different
from that of the pragmatic quality dimension. There were more
differences in hedonic quality dimensions than in pragmatic
quality, especially in the hedonic quality stimulation dimen-
sion. Among of hedonic quality-identification dimension, “sty-
lish” (t(40) = −3.287, p <.001), “premium” (t(40) = −5.267,
p <.001), “integrating” (t(40) = −1.877, p <.05), and “brings
me closer” (t(40) = −3.029, p <.05) attributes showed signifi-
cant differences. Although not significant, other attributes were
also higher in CA than in RCU. In the hedonic quality stimula-
tion dimension, the scores of CA were also higher than those of
RCU for all attributes. Except for the “bold” attribute, all other
attributes showed significant differences, and the mean differ-
ences between the two interfaces were larger than those of the
identification dimension.

Figure 7 shows the visual differences between the two
interaction experiences. The results of the pragmatic quality
evaluation at the top of the graph shows a much more positive
experience with the RCU. During interacting with RCU, only
“technical – human” attribute was negatively experienced. The
middle of the graph shows the hedonic quality evaluation
results. According to the results, interacting with RCU were
evaluated negatively in all attributes, while CA was positively
experienced in almost all attributes. Attractiveness quality is
a combination of experience with PQ and HQ, indicating the
degree of appeal to users. In the attractiveness (ATT) dimen-
sion, the mean values of CA were higher than those of RCU
for every aspects. “Pleasant” (t(40) = −3.066, p < .01),

Table 3. Repeated measures ANOVA table reporting F-values for UX dimensions
according to the interface (RCU and CA).

Dimension Model
Mean
square F sig.

Pragmatic Quality (PQ) Interface (1 = RCU,
2 = CA)

36.125 3.072 .087

Interface*PQ 20.658 14.026 .000***
Hedonic Quality-

Identification (HQ-I)
Interface 74.650 10.808 .002**
Interface*HQ-I 2.251 2.536 .021*

Hedonic Quality-
Stimulation (HQ-S)

Interface 440.782 70.363 .000***
Interface*HQ-S 13.477 14.295 .000***

Attractiveness (ATT) Interface 51.540 7.147 .011**
Interface*ATT 1.390 2.514 .022*

*indicates level of significance. ***p value < .001, ** p value < .01, * p value < .05

Table 4. Paired t-test results for RCU and CA.

RCU mean (SD) CA mean (SD) t sig. (2-tailed)

PQ technical – human −1.29 (1.38) −.27 (1.49) −2.816 .008**
complicated – simple .02 (1.81) .37 (1.46) −.883 .382
impractical – practical .15 (1.84) .07 (1.65) .169 .867
cumbersome – straight forward −.02 (1.81) −.46 (1.53) 1.037 .306
unpredictable – predictable 1.27 (1.50) −.24 (1.41) 4.394 .000**
confusing – clearly structured .90 (1.56) −.32 (1.05) 3.483 .001**
unruly – manageable 1.51 (1.42) −.12 (1.37) 4.833 .000**

HQ-I isolating – connective −.07 (1.44) .54 (1.30) −1.863 .070
unprofessional – professional −.39 (1.32) −.24 (1.20) −.567 .574
tacky – stylish −.34 (0.99) .56 (1.30) −3.287 .002**
cheap – premium −.54 (1.12) .66 (1.12) −5.267 .000***
alienating – integrating −.24 (0.97) .49 (1.16) −2.877 .006**
separates me – bring me closer −.12 (1.25) .78 (1.17) −3.029 .004**
unpresentable – presentable 0.00 (1.50) .56 (1.57) −1.485 .145

HQ-S conventional – inventive −1.80 (0.95) 1.29 (1.19 −11.667 .000***
unimaginative – innovative −1.27 (1.04) .54 (1.45) −5.503 .000***
cautious – bold −.17 (1.28) .17 (1.24) −1.180 .245
Conservative – innovative −1.10 (1.09) .78 (1.15) −5.826 .000***
dull – captivating −.98 (1.00) .59 (1.18) −5.160 .000***
undemanding – challenging −.73 (1.30) .85 (1.09) −5.962 .000***
ordinary – novel −1.71 (0.85) .29 (1.05) −8.634 .000***

ATT unpleasant – pleasant −.80 (1.04) .24 (1.47) −3.066 .004**
ugly – attractive −.05 (0.74) .63 (1.22) −3.285 .002**
disagreeable – likeable .02 (0.80) .68 (1.14) −2.402 .021*
rejectable – inviting .22 (1.10) .93 (1.42) −2.220 .032*
bad – good .39 (0.81) .76 (1.10) −1.416 .165
repelling – appealing .10 (0.67) .37 (1.02) −1.171 .248
discouraging – motivating −.20 (0.89) .27 (1.13) −1.934 .060

*indicates level of significance. ***p value < .001, **p value < .01, *p value < .05
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“attractive” (t(40) = −3.285, p <.01), “likeable” (t(40) = −2.402,
p <.05) and “inviting” (t(40) = −2.220, p <.05) attributes of the
CA showed significant differences to those of RCU. To sum
up, the participants responded that although the CA was
unpredictable, confusing, and difficult to control, it was, at
the same time, more connected and closed (HQ-I dimension),
and new and creative (HQ-S dimension). In the attractiveness
dimension, which indicates the overall UX satisfaction, parti-
cipants answered they had more pleasant, attractive, and
enjoyable experiences with CA than RCU.

3.4. The correlations between UX attributes and
attractiveness

A linear regression was calculated to predict the attractiveness
of each interface based on UX sub-dimensions (see Table 5).

The result of the Durbin–Watson test was 2.448, which was
close to 2, so it was judged to be suitable for a multiple
regression model. In the RCU session, a significant regression
equation was found (F(3, 37) = 22.814, p < .001), with an R2

of .649. As a result of confirming the significance of each
dimension, it was confirmed that PQ (t(40) = 5.313, p < .001)
and HQ-S (t(40) = 2.072, p < .05) excluding HQ-I had an
effect on attractiveness. Both PQ (B = .401) and HQ-S
(B = .268) were positive and the influence of PQ (β = .597)
on attractiveness was higher than HQ-S (β = .255). The
explanatory power explaining the dependent variable by the
independent variables was 64.9%. In the CA session,
a significant regression equation was found
(F(3, 37) = 16.387, p < .001), with an R2 of .571. As a result
of confirming the significance of each dimension, only HQ-S
(t(40) = 2.111, p < .05) affected on attractiveness. The

Figure 7. Mean differences of UX attributes between RCU and CA.
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explanatory power explaining the dependent variable by the
independent variables was 57.1%.

Similarly, the correlation analysis results also showed a positive
linear relationship between attractiveness (ATT) and other UX
quality dimensions (PQ, HQ-I, and HQ-S). In Figure 8, the upper
side shows the correlation analysis results between ATT and UX
sub-dimensions of CA (ATT × PQ: r = .659**, ATT × HQ-I:
r = .673**, and ATT ×HQ-S: r = .668**). The lower side shows the
correlation analysis results between ATT and UX sub-dimensions
of RCU (ATT × PQ: r = .669**, ATT ×HQ-I: r = .617**, and ATT
× HQ-S: r = 339*).

3.5. The correlations between SC and UX attributes

In the correlation analysis between SC data and each UX dimen-
sion, there was a significant negative correlation between SC and
PQ in RCU interaction (r = −.314*, p< .05). No significant
correlation was found in CA interaction. In order to investigate
the correlation between SC andUX attributes in detail, correlation
analysis was conducted between SC and each UX attribute. Table
6 shows the correlation analysis results. A total of 33 correlations

were obtained from each attribute and SC data correlation analy-
sis. However, only the results more than two times were analyzed
because it was difficult to find consistency in one time occurred
correlation. In the RCU session, a negative correlation was found
between the SC data and “straight forward” attribute (T8a, T9,
and T11). Positive correlation with ‘Stylish’ appeared in T6 and
T9. In the CA session, the “human” attribute in T8b, T9, T10, T11,
T13 and “connective” attribute in T8a, T8b, T9, T10, T11 showed
common positive correlations. The “appealing” attributes showed
negative correlations in T8a, T8b, T9, T10, T11, and T13.
Correlation between physiological data and UX measurement
results was greater in CA interaction than in RCU interaction.
In summary, properties that negatively affect SC data in RCU use
are considered cumbersome. In CA interaction, the feeling of
being human or connected is considered positive, and repelling
is considered as a negative emotional attribute.

3.6. Summary of the results

The results of this study are summarized as follows: Between
the RCU session and the CA session, task success rate was

Table 5. Results of linear regression analysis for the attractiveness of RCU and CA based on UX attributes.

R R2 R2(adj) B Standard Error β t sig.

Attractiveness
(RCU)

PQ .401 .076 .597 5.313 .000***
HQ-I .264 .131 .264 2.006 .052
HQ-S .268 .129 .255 2.072 .045*

.806 .649 .621
Attractiveness

(CA)
PQ .297 .153 .303 1.945 .059
HQ-I .225 .176 .226 1.277 .210
HQ-S .365 .173 .327 2.111 .042*

.755 .571 .536

*indicates level of significance. ***p value < .001, ** p value < .01, * p value < .05

Figure 8. Correlations of attractiveness dimension and UX subdimensions. The upper part shows the correlation analysis between ATT and UX sub-dimensions of CA
(from the left, ATT x PQ, ATT x HQ-I, and ATT x HQ-S). The lower part shows the correlation analysis between ATT and UX sub-dimensions of RCU (from the left, CA)
(from the left, ATT x PQ, ATT x HQ-I, and ATT x HQ-S).

Table 6. Correlations between SC and UX attributes in RCU and CA interaction, respectively.

UX attributes

SC

T4 T6 T7 T8a T8b T9 T10 T11 T13

RCU cumbersome – straight forward −.369* −.400** −.357*
tacky – stylish .337* .323*

CA technical – human .302 .314* .350* .366* .327*
isolating – connective .319* .315* .312* .335* .325*
repelling – appealing −.438** −.391* −.382* −.334* −.345* −.344*

*indicates level of significance. ***p value < .001, ** p value < .01, * p value < .05
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higher in RCU session. The UX qualities vary according to the
interaction (CA and RCU). CA was inferior to RCU in all
attributes except “human” in pragmatic quality dimension. All
hedonic qualities were higher in CA than in RCU.
Attractiveness, PQ and HQ combined UX dimension, were
also higher in CA than in RCU. PQ was the most influential
factor to attractiveness in the RCU session. HQ-S mostly
influenced on attractiveness in the CA session. In sum, the
participants responded that they felt that the interactions with
the CA were more interesting and attractive although they felt
frustrated and confused. Among the physiological measures
(SC and HR), the SC data showed different results in the CA
interaction and the RCU interaction. In the RCU session, the
SC data was maintained at a constant level or increased over
time. In the CA session, on the contrary, SC was highest at the
beginning of the interaction, then decreased over time. There
was a partial correlation between the results of the physiolo-
gical measurements and the UX quality evaluation results.

4. Discussion and conclusion

4.1. Discussion

In this study, we explored how a conversational agent affects a TV
viewer’s user experience by comparing CA and RCU. Participants
performed tasks related to TV watching by interacting with a CA
and by interacting with an RCU. After the experiments, they self-
assessed the experiences that they had during the interactions. In
addition to this, physiological indicators were used to measure
emotional responses by collecting the signals corresponding to the
participants’ physical reactions during the interactions.

This study yielded some valuable results, but at the same time,
they were influenced by several unexpected factors in the experi-
ments. We conducted a pre-check on the CA performance in
advance and configured the tasks to avoid errors. Nevertheless,
wrong results were provided in some cases because the voice
commands of users were not recognized or were incorrectly
understood (machine response error) in the CA interaction.
Despite the fact that the “wakeup → answer → command”
sequence was sufficiently explained to the experiment participants
through guidance beforehand, cases of saying wakeup and com-
mand consecutively were observed (user input error). This seems
to be a result of showing ordinary conversation habit uncon-
sciously. Occasionally, a case of expressing a wrong result was
observed because a different command was spoken instead of the
appropriate command for the task performance. In Task 7, which
had the highest difficulty level, there were more cases of succeed-
ing a task with two or three attempts than the cases of succeeding
by saying a command only once. Furthermore, in some cases,
even when a content was successfully searched (object–verb rela-
tionship), failure occurred in the process of moving from the
search result screen to the next stage. The execution commands
such as “confirm” and “play” were not used much verbally
because they are the functions commonly used with the RCU.
In the CA session of this experiment, only the voice was used
without the RCU to complete the tasks. However, these execution
commands had lower recognition rates than the other words and
errors of showing wrong results occurred more. One participant
tried to perform a task for more than 10 min and gave up. It

seemed that the reason why the recognition rate of execution
commands such as “confirm” was low was because they were
not commonly used much and the learning was not sufficient.
The task performance failure rate of the CA session was higher
than that of the RCU session, and the confusion experiencedwhile
performing these tasks was reflected in the results of question-
naires that were evaluated by the participants themselves after the
experiment. In the ergonomic quality dimension, the scores of CA
were significantly lower than those of RCU for the “difficult to
predict,” “confusing,” and “difficult to control” factors.

The ANOVA analysis of the subjective evaluation results
showed that the UX qualities vary according to the interaction
(CA and RCU). The paired t-test, which compares the quality of
each UX attribute, statistically confirmed the difference between
the CA and the RCU. CA was inferior to RCU in all attributes
except “human” in pragmatic quality dimension. Hedonic qual-
ity was higher in CA than in RCU in both HQ-I and HQ-S.
Attractiveness, PQ and HQ combined UX dimension, was also
higher in CA than in RCU. Regression analysis between attrac-
tiveness and other quality dimensions revealed that PQ was the
most influential factor in the RCU session. HQ-S mostly influ-
enced on attractiveness in the CA session. In sum, the partici-
pants responded that they felt that the interactions with the CA
were more interesting and attractive although they felt frustrated
and confused because the goal was not accomplished or the
conversation was not properly carried out.

The SC data suggested that arousal level has significantly
increased when the number of button clicks increased or when
the result of the task to be executed was not clearly predictable.
During the experiment design stage, we regarded CA as an alter-
native to RCU and compared users’ interactions between CA and
RCU.However, whatwe found through this experiment is thatCA
and RCU can complement each other. From the SC data, it can be
seen that in the RCU session, the SC data is maintained at
a constant level or even increases over time. This suggests that
users get aroused when they are pushing the remote controller’s
buttons repeatedly, which has likely caused frustration in them. It
also suggests that being unable to predict the outcome before
reaching the final result also leads to arousal, possibly caused by
stress.

On the other hand, in the CA session, the SC value during
the initial stage of the instruction was stable, and then the result
was significantly different from the RCU session result. The high
level of SC suggests the increased stress level of participants
caused by the heavy burden of the task; having to follow
a complicated command protocol. The rapid lowering of SC
suggests the relief of the tension as feedback via television screen
is provided. The important point is that the areas where CA and
RCU have advantages are different, and the emotions that users
feel in these interaction processes are also opposed to each other.
These results can also affect TV operation scenarios and TV
function implementations. For example, in terms of functional-
ity, CA is better suited for quick-access tasks of jumping directly
to a destination rather than multiple button clicks (e.g., text
input) or semantic search (e.g., “find a comedy movie”). The
RCU is better suited for performing tasks that are dense in
a short-range, such as meticulous manipulation (e.g., “fast for-
ward” or “rewind”), configuration, or menu navigation. While
RCU provides accurate and predictable control over a narrow
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range, CA is capable of assisting more complex control over
a broader range through voice interaction. Through these results,
it was discovered that the experience with the CA was more
positive than that with the RCU in the emotional dimension.
This was shown in not only the subjective evaluation results, but
also the physiological measurement results. The fact that the
approach of interacting with the voice is more fun and more
emotionally pleasing is considered to be an essential part of the
application experience. Currently, the CA function has been
added without changing the existing TV viewing context.
However, in the future, it is expected that the interface design
and the scenario for utilizing the functional aspect of the CA and
its emotional properties will change. It is expected that the TV
viewing context will be changed and that the TV experience will
be strengthened.

There is a partial correlation between the results of the
physiological measurements and the UX quality evaluation
results. In the CA sessions, “human” and “connective” attri-
butes of UX showed a positive correlation with SC data, and
“appealing” showed a negative correlation with SC. A negative
correlation between “straight forward” and SC data was
showed in the RCU sessions. We measured SC and HR as
biometric markers, but only SC gave meaningful results. HR
data also showed a partial difference between CA and RCU,
but it was less applicable than SC, and no clear interpretation
was found.

4.2. Directions for future study

The voice recognition function will be combined indispensa-
bly with various products around us in the near future. This is
because it is not just “smart” but also a method that “stimu-
lates emotion” and more natural interaction. In the HCI area,
the usability perspective that has been accumulated for a long
time has extended to the UX framework as the importance of
emotional quality has risen. On top of this, the active adop-
tion of natural interactions of humans such as hearing and
tactile sense, which go beyond the visual interaction, requires
UX studies in a more multidisciplinary and in-depth perspec-
tive. In this aspect, it will be a meaningful attempt to use the
physiological measurements to directly determine the physical
responses occurring immediately in the interaction process.
People think that they know their emotions or feelings and
express them properly, but in reality, it is not true.
Particularly, it is almost impossible to remember completely
or determine accurately the instantaneous changes of emotion
or the feelings that change every moment. Natural interaction
requires a physical response measurement, and through this,
full explanation can be provided on how the UXs were con-
structed. Nevertheless, for the part regarding which result will
be obtained by applying which method, diverse studies are
required according to the target situation.

The technological evolution of the CA is ongoing and at
the same time, various perspectives are being considered.
During the 2016 IBM Developer Day, Michal Yuan (2016)
emphasized two items as success factors for designing a CA
system: the CA has to be operated in a limited scope, and by
providing characteristics suitable for the usage scope and goal

of the CA, a context-model design for conversation with the
user should be properly done. Other parts that should be
considered along with the technological evolution of the CA
are non-linguistic expressions such as sighs, hand gestures,
and facial expressions. These are major signals that are refer-
enced when we communicate with a counterpart. In order to
infuse the CA naturally into the daily lives of users, studies on
various non-linguistic expressions (e.g., tones and nuances)
should be carried out in parallel with efforts to improve the
recognition rate of voice. If personified cues (anthropo-
morphic or personification cue) are added, more natural and
ordinary interactions will be possible. Through such a process,
the voice recognition technology will be combined with our
everyday products as an “intelligent agent” instead of just
being “smart” interaction tools. Although a review on the
effective implementation method of the CA is outside the
scope of this study, continuous research on this is required.
Reeves (2017) stated that these devices present challenging
tasks in the computer-supported cooperative work and HCI
areas because they throw fundamental questions regarding
“cooperative interaction design between heterogeneous
human-agent groups” and “interaction between humans and
machines.”

4.3. Conclusion

The purpose of this study was to investigate how the combi-
nation of conversational agent and TV changes the user
experience, using objective and subjective methods.
Physiological measurements are useful for collecting objective
data through the analysis of physiological recordings during
interactions and identifying changes in user emotions.
Although watching TV tasks are similar, the emotional
responses of users during the CA interaction and the RCU
interaction were opposites of each other. The results of phy-
siological measurements are meaningful in that they can pro-
vide a more detailed and richer interpretation of the emotions
and moods experienced during human-computer interactions.
These results can also be used as a reference for TV viewing
scenarios or interaction design for CA-equipped products. It
is also interesting that participants evaluate the interaction
with CA as more attractive than that with RCU even though
they feel CA is inferior to RCU; the emotional quality of the
experience contributed much more to the overall attractive-
ness and satisfaction. Through this study, we confirmed that
CA appeals more to user emotions and has a more positive
impact. However, it is essential that a practical perspective is
maintained in that CA is mainly adopted in everyday pro-
ducts used in daily life and usability is one of the most
important attributes of such products. The physiological mea-
surement results are considered to be useful enough to derive
specific data on the user experience process, moving away
from subjective assessment methods that typically indicate
only a single direction, positive or negative. We hope that
this study will contribute to providing meaningful findings in
research on interactive technology and user experience
mediated by conversational agents.
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Tujuan Penelitian 
Tujuan dari penelitian ini adalah:  

1. Untuk menyelidiki apakah CA memiliki efek yang berbeda dari antarmuka 
konvensional, yaitu Remote Control Unit (RCU) pada pengalaman menonton 
TV ketika melihat atau mengontrol TV. Untuk tujuan ini, perbedaan antara CA 
dan RCU akan diukur secara komparatif. 

2. Untuk mengumpulkan data objektif tentang pengalaman pengguna melalui 
fisioterapi langkah-langkah gical, bersama dengan kuesioner self-report 
subjektif. Melalui ini, kita akan melihat bagaimana intervensi kognitif pengguna 
atau respons emosional muncul dalam proses interaksi.  

3. Untuk mengukur korelasi antara self-report subjektif hasil dan rekaman 
fisiologis. Ini bertujuan untuk menentukan apakah pengukuran fisiologis sesuai 
sebagai ukuran metode UX untuk produk hiburan seperti TV. 
 
 

Subjek Penelitian 
Terdiri dari 42 orang (21 laki-laki dan 21 wanita) yang ikut berpartisipasi termasuk 
peserta pilot. Peserta percobaan adalah siswa dari Institut, di atranya mahasiswa dan 
pekerja kantor. Usia mereka berkisar dari 20 hingga 44 tahun dan usia rata-rata 
adalah 29.02 tahun. 
 
 



Assement Data 
Dengan indikator fisiologis yang digunakan untuk mengukur tanggapan emosional 
dengan mengumpulkan sinyal yang sesuai dengan reaksi fisik peserta selama 
interaksi. Pengukuran fisiologis berguna untuk mengumpulkan tujuan data melalui 
analisis rekaman fisiologis selama interaksi dan mengidentifikasi perubahan dalam 
emosi pengguna. 
 
Metode Penelitian 
Metode yang digunakan untuk menganalisis pengalaman pengguna secara 
komparatif dengan menggunakan antarmuka CA dan antarmuka RCU, dan 
mengadopsi pengukuran fisiologis untuk tujuan data serta kuesioner self-report. Di 
antara hasil pengukuran fisiologis, kondisi Skin Conductance (SC) berbeda dengan 
interaksi CA dan RCU.  
 
Langkah Penelitian 
Percobaan dilakukan di Laboratorium Neuro-Bisnis, Institut Sains dan Teknologi 
Korea, selama 10 hari dari 26 November hingga 6 Desember 2018 dan 42 orang (21 
laki-laki dan 21 wanita) berpartisipasi termasuk peserta pilot. Itu peserta percobaan 
adalah siswa dari Institut, di dekatnya mahasiswa, dan pekerja kantor. Usia mereka 
berkisar dari 20 hingga 44 tahun dan usia rata-rata adalah 29.02 tahun. 
Urutan percobaan dilakukan sebagai berikut:  
1. Percobaan dijelaskan kepada peserta celana pertama dan kemudian, partisipasi 

percobaan persetujuan ditandatangani;  
2. Sensor dipasang untuk pengumpulan data respons fisiologis; 
3. Kontrol metode untuk antarmuka 1 dipelajari dan evaluasi awal;  
4. Percobaan dilakukan;  
5. Hasil dievaluasi;  
6. Langkah ke 3 hingga ke 5 adalah diulang untuk antarmuka 2. Total waktu yang 

digunakan adalah 70 min rata-rata, dan urutan RCU dan CA kontrol diimbangi oleh 
partisipasi secara acak celana ke satu atau urutan lain.  

Secara khusus, setengah dari peserta (n = 21) mulai dengan menggunakan 
antarmuka 1 dan setengah lainnya dimulai dengan antarmuka 2. Di awali dengan 
melakukan evaluasi sebelum percobaan, para peserta menjawab pertanyaan tentang 
harapan mereka pada metode kontrol, dan dalam konteks evaluasi pasca acara 
dilakukan setelah setiap percobaan, para peserta merespons untuk pengalaman 
mereka setelah menggunakannya. Yaitu, subyektif metode evaluasi diadopsi. Data 
fisiologis peserta disimpan secara terpisah melalui sensor menempel pada wajah dan 
tubuh mereka selama percobaan. 

Gambar The flowchart of this experiment. 
 



 
Hasil Penelitian 
Hasil penelitian menunjukkan bahwa, Antara sesi RCU dan sesi CA, tingkat 
keberhasilan tugas adalah lebih tinggi di sesi RCU. Kualitas UX bervariasi sesuai 
dengan interaksi (CA dan RCU). CA lebih rendah daripada RCU atribut kecuali 
"manusia" dalam dimensi kualitas pragmatis. Semua kualitas hedonis lebih tinggi di 
CA daripada di RCU. Singkatnya, peserta menjawab bahwa mereka merasa bahwa 
interaksi dengan CA lebih menarik meskipun mereka merasa frustrasi dan bingung. Di 
antara langkah-langkah fisiologis (SC dan HR), data SC menunjukkan hasil yang 
berbeda di interaksi CA dan interaksi RCU. Dalam sesi RCU, data SC dipertahankan 
pada tingkat yang konstan atau meningkat waktu. Di sesi CA, sebaliknya, SC tertinggi 
dimulai dari interaksi, kemudian menurun seiring waktu. Terlihat disana ada korelasi 
parsial antara hasil fisioterapi pengukuran gical dan hasil evaluasi kualitas UX. 
 
Kekuatan Penelitian 
Kekuatan penelitian ini dapat digunakan sebagai referensi untuk menonton TV 
skenario atau desain interaksi untuk produk yang dilengkapi CA dan mengetahui lebih 
banyak tentang emosi dan suasana hati yang dialami selama interaksi manusia dan 
komputer. 

 
Kelemahan Penelitian 
Kelemahannya adalah pada ulasan tentang metode implementasi CA yang efektif 
berada di luar ruang lingkup penelitian ini, dan diperlukan penelitian berkelanjutan 
tentang hal ini. 
 
Kesimpulan 
Kesimpulan dari penelitian ini adalah hasil penelitian menunjukkan bahwa CA lebih 
menarik bagi emosi pengguna dan memiliki emosi yang berdampak positif. Namun, 
sangat penting bahwa perspektif praktis adalah dipertahankan dalam CA yang 
terutama diadopsi dalam pro saluran yang digunakan dalam kehidupan sehari-hari 
dan kegunaan adalah salah satu atribut yang paling penting dari produk 
tersebut. Ukuran fisiologis hasil surement dianggap cukup berguna untuk diturunkan 
data spesifik pada proses pengalaman pengguna, pindah dari metode penilaian 
subyektif yang biasanya menunjukkan hanya satu arah, positif atau negatif. Penelitian 
ini juga menunjukkan bahwa akan adanya harapan untuk berkontribusi dalam 
menyediakan temuan yang bermakna di Indonesia, penelitian tentang teknologi 
interaktif dan pengalaman pengguna dimediasi oleh agen percakapan. 
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ABSTRAK  

Meningkatnya kompleksitas, interkonektivitas dan globalisasi membuat pengembangan IT memerlukan biaya yang 

besar dan juga menimbulkan berbagai macam resiko. Namun pada saat yan sama, IT juga menawarkan peluang 

yang besar untuk memungkinkan pengembangan bisnis dan juga dapat merubah budaya bisnis. Peluang yang 

ditawarkan implementasi IT tidak hanya membuat IT sangat strategis bagi perkembangan organisasi, namun juga 

sangat diperlukan untuk kelangsungan organisasi. Karena banyaknya biaya dan resiko yang mungkin timbul dari 

implementasi IT, maka organisasi perlu untuk menerapkan kontrol yang sesuai bagi sistem IT mereka dan juga 

melakukan pengukuran yang sesuai untuk melihat sejauh mana kesesuaian antara implementasi IT denga kontrol 

yang diterakan. Penelitian ini dilakukan untuk mendesai metode engukuran IT dengan menggunakan karakteristik 

internal proses sebagai hal yang perlu diperhatikan oleh organisasi dalam mencapai tujuan IT. 

Kata Kunci: Peluang, Biaya, Resiko, Internal Process 

1 OVERVIEW 

1.1 Latar Belakang 

Pemanfaatan IT dalam mendukung organisasi untuk 

merespons tekanan bisnis dan mencapai tujuannya 

telah dianggap sebagai kebutuhan yang sangat 

penting bagi setiap organisasi. Hal ini didukung oleh 

banyaknya cerita sukses implementasi IT di banyak 

Negara. Namun meningkatnya kompleksitas, 

interkonektivitas dan globalisasi telah membuat 

pengembangan IT melibatkan biaya yang sangat 

besar dan juga memunculkan berbagai resiko. Pada 

saat bersamaan, IT juga menawarkan peluang yang 

sangat besar untuk memungkinkan pengembangan 

bisnis dan merubah proses bisnis organisasi. 

Peluang,biaya dan juga resiko yang terdapat dalam IT 

tidak hanya membuat IT menjadi sangat strategis 

bagi perkembangan perusahaan, tapi juga sangat 

penting bagi kelangsungan perusahaan. 

Saat ini banyak pertanyaan yang muncul dalam 

perkembangan IT yang demikian pesatnya. Apakah 

jumlah investasi IT sesuai dengan keuntungan yang 

diperoleh?  

Banyak implementasi IT di Indonesia hanya membali 

produk aplikasi, menginstall-nya di server, melatih 

op[erator dan kemuadian mengoperasikannya. 

Kondisi ini membuat implementasi IT tidak mampu 

memberikan nilai tambah yang maksimal bagi 

organisasi karena kurangnya kesesuaian bisnis serta 

pengendalian/control terhadap proses yang ada. 

Pertanyaan diatas juga timbul dalam implementasi IT 

di lembaga pendidikan tinggi/universitas. Dimana 

universitas sebagai organisasi yang memiliki sumber 

daya yang memahami perlunya kontrol yang baik 

dalam implementasi IT hanya memiliki awareness 

tentang kontrol tersebut, namun belum ada suatu 

proses yang dilaksanakan untuk mencapai 

compliance terhadap kontrol tersebut. 

Karena jumlah biaya dan resiko yang terlibat dalam 

implementasi IT, maka organisasi perlu mengetahui 

sejauh mana mereka sudah mengelola sistem IT 

mereka, berapa level sistem IT mereka dan juga 

dimana posisi mereka jka dibandingkan dengan 

organisasi sejenis lainnya ataupun common practice. 

Hal ini diperlukan untuk menentukan langkah apa 

yang harus dilakukan untuk menciptakan sistem yang 

lebih baik. 

Untuk menjawab pertanyaan tersebut, maka 

diperlukan suatu proses pengukuran implementasi IT 

yang menghubungkan kebutuhan bisnis, internal 

proses dan juga control yang sesuai dengan lifecycle 

implementasi IT. 

1.2 Tujuan 

Tujuan dari penelitian ini adalah untuk mendesain 

sebuah metode pengukuran IT di Idonesia yang 

menghubungkan tujuan bisnis, internal proses dan 

perangkat control yang seseuai dengan lifecycle 

implementasi IT dengan menggunakan Maturity 

Level COBIT. 
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1.3 Batasan 

Batasan dari penelitian ini adalah: 

1. Pengembangan metode dan pengukuran 

yang dilakukan berdasarkan karakteristik 

implementasi IT di perguruan tinggi 

2. Pengembangan metode menggunakan 

Maturity Level COBIT sebagai dasar 

penilaian. 

2 IT MEASUREMENT  

2.1 Karakteristik Implementasi IT di Universitas 

di Indonesia 

Implementasi IT di perguruan tinggi di Indonesia 

memiliki karakteristik yang mungkin berbeda dengan 

perguruan tinggi di negara lain, yaitu: 

• Pengembangan IT yang masih bersifat 

vendor driven/product base, baik itu untuk 

pengembangan infrastruktur, hardware 

maupun software 

• Komitmen manajemen hanya sebatas 

kesadaran saja, namun belum disertai action 

plan yang jelas. 

• Kurangnya prosedur kontrol dalam 

implementasi IT dalam rangka mencapai 

kesesuaian antara IT dengan kebutuhan 

bisnis 

• Perencanaan sumber daya manusia yang 

kurang terstruktur 

• Kurangnya endanaan dan perencanaan 

keuangan 

• Masih belum membudayanya budaya 

berbagi informasi dan dokumentasi. 

Karakteristik yang disebutkan diatas dapat digunakan 

sebagai panduan dalam menetapkan internal proses 

yang diperlukan oleh organisasi dalam mencapai IT 

objectives. 

2.2 Perancangan Metode Pengukuran 

Pada dasarnya ada dua macam evaluasi/pengukuran 

terhadap suatu sistem[8], yaitu : 

1. Evaluasi/pengukuran sistem dari sudut 

pandang pengguna (user perspektif) 

2. Evaluasi/pengukuran sistem dari kinerja 

teknis, termasuk dampak keberadaan sistem. 

Namun dalam perkembangannya, ada bermacam-

macam sudut pandang evaluasi/pengukuran yang 

dapat dilakukan pada sebuah sistem.  

Evaluasi/ Pengukuran sistem dalam penelitian ini 

dilakukan dari sudut pandang internal proses. 

Pengukuran dilakukan pada dasarnya untuk melihat 

efisiensi dan efektivitas sistem dalam mendukung 

pencapaian tujuan bisnis dari sudut pandang inetrnal 

proses yang dibutuhkan oleh organisasi. Dimana 

untuk mendukung proses pengukuran, digunakan 

COBIT sebagai framework untuk menentukan 

maturity level proses internal organisasi.  

Pengembangan metode pengukuran menggunakan 

COBIT Process Relation sebagai dasar dimana dalam 

COBIT Process Relation, hasil pengukuran yang 

dilakukan adalah berupa maturity level. Tetapi dalam 

COBIT Process relation hasil dari pengukuran masih 

dibagi ke dalam masing-masing control objectives 

dan belum menggambarkan operasi internal yang 

dibutuhkan oleh organisasi untuk mencapai tujuan 

bisnisnya. 

 

Gambar 1. COBIT IT Process Relation [7] 

Sementara, dalam penelitian ini proses pengukuran 

dikombinasikan dengan proses pemetaan Control 

Objectives COBIT ke dalam proses internal yang 

diperlukan oleh organisasi untuk mencapai tujuan IT 

mereka. Proses pengukuran yang dihasilkan dan 

digunakan dalam penelitian ini dapat dilihat pada 

gambar 2. 

 

Gambar 2. Proses Pengukuran 
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2.3 Proses Pengukuran 

Dari metode yang dikembangkan, ada beberapa 

langkah awal yang harus diperhatikan untuk 

memperoleh hasil pengukuran yang objective. 

a. Penentuan internal proses yang diperlukan 

organisasi 

1. Tipe organisasi yang akan diukur.  

Identifikasi jenis/tipe organisasi merupakan 

langkah awal yang diperlukan dalam proses 

pengukuran. Hal ini karena nature organisasi di 

tiap negara atau tipe tertentu sangat beraneka 

ragam, sehingga diperlukan pendekatan yang 

berbeda pula dalam pengkuran. 

2. Tujuan dari organisasi yang akan diukur.  

Pencapaian tujuan organisasi adalah tolak ukur 

yang diinginkan pada setiap implementasi 

kebijakan, prosedur, sistem dalam organisasi. 

Pencapaian tujuan organisasi juga merupakan 

tolak ukur keberhasilan implementasi TI, karena 

itu perlu pendefinisian tujuan organisasi untuk 

menentukan nilai tambah apa yang akan atau 

dapat diberikan TI dalam mendukung pencapaian 

tujuan tersebut. 

Pada umumnya, tujuan dari organisasi yang 

mempunyai operasi bisnis yang sama akan 

hampir sama juga. 

3. Value-added yang diharapkan dari IT dalam 

mendukung pencapaian tujuan organisasi (IT 

Objectives). 

Nilai tambah TI yang dimaksud dapat berupa 

daya guna, manfaat serta dampak sistem TI yang 

diterapkan dalam mendukung pencapaian tujuan 

organisasi. Dimana nilai tambah ini bersifat 

spesifik untuk tiap-tiap organisasi.  

4. Entitas internal proses untuk mewujudkan nilai 

tambah TI yang dimaksud (CSF-Critical Success 

Factor) 

Internal proses (CSF) merupakan faktor – faktor 

yang dapat mendukung pencapaian nilai tambah 

TI dan diharapkan dapat memberikan langkah 

yang harus dilakukan agar nilai tambah yang 

dimaksud dapat terwujud. Contoh dari faktor 

pendukung yang dimaksud: komitmen dan 

dukungan manajemen, kemampuan SDM dan 

sebagainya.  

Identifikasi internal proses memerlukan 

penelitian yang mendalam tentang hubungan 

objective TI dengan hal-hal yang mendukung 

pencapaian objective tersebut untuk organisasi 

yang bersangkutan. Hal ini dibutuhkan agar 

pengukuran yang dilakukan dapat memberikan 

hasil yang komprehensif. 

Proses internal ditentukan berdasarkan hubungan 

antara tujuan IT dengan proses yang diperlukan 

untuk mencapai tujuan tersebut. 

Langkah-langkah yang disebutkan diatas diperlukan 

untuk menentukan misi bisnis organisasi, tujuan, dsb 

karena hal yang disebutkan diatas sangat spesifik 

dalam tiap-tiap organisasi dan juga sangat penting 

dalam menentukan akurasi dari pengukuran yang 

dilakukan. 

Hasil dari proses yang disebutkan diatas dapat dilihat 

pada tabel 1. 

b. Fieldwork 

After organization identification, organization 

requirement to IT and internal process identification, 

the next measurement process were:  

1. Internal process mapping into COBIT 

Framework.  

Maping internal proses ke dalam Control 

Objectives/Detail Control Objectives COBIT 

dilakukan untuk mendukung perancangan desain 

kontrol yang sesuai dengan masing-masing CSF 

(requirements) yang ditetapkan. COBIT 

digunakan sebagai baseline dan acuan dalam 

desain kontrol yang dibutuhkan. COBIT dipilih 

sebagai baseline karena COBIT merupakan good 

practice kontrol TI yang closely linked dengan 

obyektif bisnis dalam domain teknologi 

informasi. 

Berikut adalah mapping CSF ke COBIT untuk 

proses pengukuran pada perguruan tinggi. 

Tabel 1. Pemetaan Internal Process ke 

Control Objectives COBIT  

TIPE ORGANISASI : 

LEMBAGA PENDIDIKAN 

OBJECTIVES ORGANISASI :  
Mengembangkan reputasi akademis yang istimewa, dan 

menjalankan layanan pengetahuan berbasis keistimewaan 

akademis tersebut 

OBJECTIVES TI : 
Meningkatkan interaksi anatara pengajar, mahasiswa dan 

sumber daya informasi dalam upaya pengembangan ide-ide 

kreatif dan penelitian 

INTERNAL 

PROCESS/CRITICAL 

SUCCESS FACTORS 

COBIT REFERENECE 

Leadership Commitment 

and Support 

PO1, PO3,  PO4, PO5, PO6, 

PO7, PO9, AI4, AI6, DS3, 

M1, M2, M4 

Kemampuan SDM PO7, AI6, DS7 

Pendanaan PO5, DS6 

Infrastruktur, HW dan SW AI1, AI2, AI3, AI5, AI6, 

DS3, DS4, DS5, DS9, DS10 
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Manajemen dan 

pengelolaan system 

PO11, AI4, AI6, DS3, DS4, 

DS5, DS9, DS10, DS11, 

DS12, DS13 

Budaya kerja PO7, AI6, DS7 

Kualitas layanan PO11, DS3, DS4, DS5, 

DS9, DS10, DS11, 

DS12,DS13 

Pada proses maping ini, satu Control 

Objectives/Detail Control Objectives dapat 

digunakan pada beberapa internal proses/CSF 

yang berbeda, mengikuti kebutuhan kontrol dari 

proses yang bersangkutan. 

2. Desain Kontrol.  

Desain kontrol didasarkan pada Control 

Objectives/Detail Control Objectives yang 

dihasilkan dari proses maping. Proses desain 

kontrol dilakukan dengan mengacu pada COBIT 

Control Practice sebagai panduan dasar namun 

desain kontrol diluar kerangka COBIT Control 

Practice juga memungkinkan jika dibutuhkan.  

Berikut adalah gambar langkah-langkah dalam 

penyusunan kontrol yang dibutuhkan untuk 

mengumpulkan data pada penelitian ini. 

 

Gambar 3. Proses Desain Kontrol[3,4] 

Sedangkan model kontrol yang digunakan dapat 

berupa checlist, daftar pertanyaan dsb.  

Proses desain kontrol juga disertai dengan 

penentuan data point, dimana ada proses 

penyesuaian antara kontrol yang ada serta dari 

mana data dapat diperoleh untuk kontrol yang 

bersangkutan.  

3. Pengumpulan Data 

Pengumpulan data dilakukan dengan mengacu 

pada kontrol dan data point yang sudah 

ditetapkan. Untuk memperoleh data yang 

diharapkan, ada beberapa teknik pengumpulan 

data yang dapat digunakan[6]: 

a. Review dokumentasi 

b. Interview 

c. Observasi  

d. Kuesioner 

Dari tahap ini nantinya akan diperoleh data-

data/bukti-bukti yang dibutuhkan untuk penilaian 

yang akan dilakukan. 

4. Maturity level Assessment.  

Penilaian terhadap maturity level dilakukan 

dengan menggunakan COBIT maturity model 

sebagai referensi dan penentuan maturity level 

didasarkan pada criteria yang dibutuhkan dalam 

maturity model dan kesesuaiannya denga yang 

diyaratkan dalam criteria maturity level.  

Penilaian maturity level yang digunakan dalan 

penelitian ini dapat dilihat pada gambar 4. 

 

Figure 4. Proses Penilaian Maturity Level [5] 

Sedangkan proses maturity level scoring dapat 

dilihat pada gambar 5. 

Gambar 5. Maturity Level Scoring 

Dalam maturity level scoring dan leveling (gambar 

5), level penilaian yang digunakan memiliki rentang 

dari 0 (no-issue) sampai 5 (optimized). Level 

penilaian yang digunakan ini ditentukan berdasarkan 

criteria yang dicapai oleh sebuah level untuk sebuah 

kategori JIKA HANYA semua sub-elemen dalam 

level tersebut secara penuh atau sebagai dicapai 

(diberi score 1 atau 0.5).  

Proses pengukuran yang dilakukan diatas baru 

menghasilkan maturity level pada masing-masing 

control objectives yang sesuai dengan masing-masing 

Weight Value Score Total Comment

●Security policy for DRM exist but not followed � M 1 0.5 0.5

Security policy for DRM exist but insufficient for 

securing the document in the DMS (70% document 

in COPI is in high risk)

●Procedure for integrity/authenticity checking exist M 1 0 0 Procedure for integrity/authenticity checking not exist

●Procedure for securing disposed sensitive 

information exist
M 1 0 0

Procedure or policy for securing disposed sensitive 
information like files and documents not developed 

yet by management 

●Appropriate training about security awareness to all 

relevant personnel
M 1 0 0

Training about security awareness has conducted 

but not to all relevant personnel 

●Logical and physical access control define and 

implemented but not for all sensitive area � M 1 1 1

Logical and physical access conrol has implemented 

by organization but the implementation not cover all 

sensitives area yet

●Security system performance vs. plan is reviewed , 

but not periodic 
M 1 0 0

Performance review of security system hasn't 

conducted yet

●Security policy for DRM being developed or 
insufficient � M 1 0.5 0.5

Security policy for DRM exist but insufficient for 
securing the document in the DMS (70% document 

in COPI is in high risk)

●Procedure for integrity/authenticity checking being 

developed � M 1 1 1 Criteria met this level

●Procedure for securing disposed sensitive 

information being developed � M 1 1 1 Criteria met this level

●Training about security awareness to personnel exist 

but not to all relevant personel � M 1 1 1 Criteria met this level

●There's no security policy in DRM � M 1 1 1 Criteria met or exceeded.

●There's no formal procedure for integrity/authenticity 

checking � M 1 1 1 Criteria met or exceeded.

●Procedure for securing disposed sensitive 
information not exist � M 1 0.5 0.5

Procedure for securing disposed information have 
been developed in COPI

Count Total Possible % 4/100 Level Met? = 1 = Yes

Level 2 6 1.5 6 25% 6 0

Level 1 4 3.5 4 88% 21 1

Level 0 3 2.5 3 83% 20 1

SCORE 47% Level 1
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0

1

2

3

Leadership Commitment and Support

Human resource

Funding

Infrastructure, HW and SWSystem management

Culture of w ork

Service quality

Overall Average Score

Industry Average Score

Size Average Score

Geography Average Score

Indonesian University Average Score

internal proses berdasarkan hasil pemetaan (tabel 1). 

Maturity level dari masing-masing internal proses 

dihitung dengan perhitungan berikut: 

n

MLxco

MLx

n

n

n∑
=

=
1

 

MLx   = Maturity Level internal process x, 

sedangkan x =1, 2… 

nMLxco = Maturity level masing-masing 

control objectives dari internal process 

Hasil dari tahap ini dapat dibandingkan dengan 

maturity level implementasi IT di organisasi lain[1]. 

Perbandingan dilakukan untuk memberikan 

gambaran posisi relative dari implementasi IT dalam 

organisasi. 

 

3 HASIL PENGUKURAN 

Pengukuran yang dilakukan pada penelitian ini 

dilakukan dengan menggunakan pendekatan yang 

dirancang sebelumnya serta dilakukan pada beberapa 

universitas yang berada di pulau Jawa dan Sumatera. 

Dimana metode pengumpulan data yang digunakan 

adalah melalui checklist dan interview. Hasil dari 

pengukuran yang dilakukan adalah maturity level 

yang menggambarkan sistem IT organisasi dalam 

maturity level COBIT. 

Hasil dari proses pengukuran dapat dilihat pada 

gambar 6. 

Figure 6. Measurement results 

 

Dari pengukuran yang dilakukan, ada beberapa point 

penting yang dapat diambil dari hasil yang diperoleh. 

3.1 Komitmen dan Dukungan Manajemen  

Pada dasarnya, pembangunan system IT yang baik 

harus datang dari komitmen manajemen untuk 

mencapainya. Dari penelitian yang dilakukan, 

manajemen komitmen untuk mengelola IT dengan 

baik sudah ada, namun komitmen tersebut hanya 

sebatas kesadaran dan juga tidak didukung oleh 

realisasi serta kebijakan yang memadai. 

3.2 Sumberdaya Manusia 

Sebagai Negara berkembang, masalah sumber daya 

manusia masih menjadi hal yang penting untuk 

diperhatikan, meskipun di perguruan tinggi. Dari 

hasil penelitian, dapat disimpulkan pengelolaan IT 

belum didukung dengan pengelolaan sumber daya 

manusia yang baik, termasuk masalah pembagian 

wewenang dan tanggung jawab, proses change 

management, training dan sebagainya. 

3.3 Pendanaan 

Selain masalah sumber daya manusia, masalah 

penting yang diperoleh dari penelitian ini adalah 

pendanaan pada pengelolaan IT. Dari review yang 

dilakukan dalam penelitian ini, maka dapat 

disimpulkan kalau belum ada proses pengelolaan 

biaya IT yang formal dan juga belum ada budget plan 

yang terkait dengan kebutuhan organisasi akan IT. 

Pendanaan terhadap IT dilakukan secara ”needed 

basis” dan bersifat “vendor driven” tanpa 

perencanaan yang jelas. 

3.4 Infrastruktur, HW dan SW 

Infrastruktur, hardware dan software berhubungan 

dengan kebutuhan organisasi dan feasibility-nya 

untuk diimplementasikan. Tapi dari penelitian ini, 

kebutuhan infrastruktur, hardware dan software 

masih bersifat ”vendor driven” serta tanpa 

perencanaan implementasi yang mengacu pada 

ITSP/ITMP organisasi, sehingga membuat 

implementasi IT belum sesuai dengan kebutuhan 

bisnis. 

3.5 Manajemen Sistem 

Kebanyakan pengelolaan system dilakukan secara 

ad-hoc dan tidak didukung dengan prosedur standar 

yang disertai dengan “segregation of duties” yang 

digunakan secara menyeluruh dalam organisasi. 

Pengelolaan system masih terpisah untuk masing-

masing sub-organisasi meskipun sudah ada organisasi 

yang menangani manajemen IT, namun tanggung 

jawan dan otoritasnya belum dipatuhi. 

3.6 Budaya Kerja  

Budaya kerja berhubungan dengan sumber daya 

manusia yang ada. Untuk memaksimalkan peranan IT 
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bagi organisasi, maka perubahan budayadari system 

manual ke system terintegrasi diperlukan. Dari 

penelitian yang dilakukan, proses perubahan budaya 

kerja dalam organisasi masih belum optimal, dimana 

belum ada perenacaan training/workshop yang jelas, 

penilaian kinerja karyawan dan sebagainya. 

3.7 Kualitas Layanan 

Kualitas layanan yang disediakan berhubungan 

dengan sumber daya manusia serta infrastruktur 

pendukung system. Kualitas layanan yang diberikan 

oleh system IT pada perguruan tinggi di Indonesia 

masih berada dibawah kebutuhan user. Kualitas 

layanan sering terganggu karena kegagalan 

perangkat, error serta penanganannya yang lambat 

dan sebagainya. 

Dari hasil pengukuran dan pembandingan yang 

dilakukan terhadap organisasi lain, manajemen dapat 

melihat dimana posisi system IT mereka serta dimana 

posisi organisasi sejenis lainnya [1]. Dengan melihat 

hasil ini, manajaman dapat mengambil langkah yang 

diperlukan untuk mengurangi gap yang ada untuk 

pencapaian sistem IT yang lebih baik. 

4 KESIMPULAN 

Dari penelitian yang dilakukan, ada beberapa point 

penting yang dapat disimpulkan: 

1. Metode Pengukuran.  

• Metode pengukuran yang dihasilkan 

berhubungan dengan dukungan IT dalam 

mencapai tujuan organisasi dan juga proses 

internal untuk mendukung pencapaian tujuan 

IT. 

• Identifikasi proses internal yang disebut diatas 

dilakukan melalui penelitian terhadap 

kebutuhan organisasi dalam mencapai tujuan 

IT. 

• Pemetaan proses internal organisasi ke dalam 

COBIT dilakukan melalui “professional 

judgment” dan juga identifikasi terhadap 

relevansi antara proses internal dengan control 

objectives COBIT. 

• Proses perancangan control pada pengukuran 

ini menggunakan COBIT sebagai reference. 

2. Dari pengukuran yang dilakukan di perguruan 

tinggi di Indonesia, ada beberapa point penting 

yang diperoleh: 

• Proses internal yang perlu diperhatikan oleh 

organisasi dalam mengoptimalkan IT dalam 

mendukung organisasi untuk mencapai 

tujuannya adalah: 

a. Komitmen dan Dukungan Manajemen 

b. Sumberdaya Manusia  

c. Pendanaan 

d. Infrastruktur, HW dan SW 

e. Manajemen Sistem 

f. Budaya Kerja  

g. Kualitas Layanan 

• Dari hasil pengukuran dan pembandingan 

yang dilakukan terhadap organisasi sejenis, 

maka dapat dilihat kalau nilai maturity level 

dari implementasi IT pada perguruan tinggi di 

Indonesai masih berada dibawah rata-rata nilai 

dari organisasi sejenis lainnya di negara lain. 
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PENGEMBANGAN METODE PENGUKURAN SISTEM IT 
(KASUS: PERGURUAN TINGGI DI INDONESIA) 

LATAR BELAKANG 
Karena jumlah biaya dan resiko yang terlibat dalam implementasi IT, maka organisasi perlu mengetahui 
sejauh mana mereka sudah mengelola sistem IT mereka, berapa level sistem IT mereka dan juga dimana 
posisi mereka jka dibandingkan dengan organisasi sejenis lainnya ataupun common practice. 
Hal ini diperlukan untuk menentukan langkah apa yang harus dilakukan untuk menciptakan sistem yang 
lebih baik. Untuk menjawab pertanyaan tersebut, maka diperlukan suatu proses pengukuran 
implementasi IT yang menghubungkan kebutuhan bisnis, internal proses dan juga control yang sesuai 
dengan lifecycle implementasi IT. 
 
BATASAN PENELITIAN 
Batasan dari penelitian ini adalah: 
1. Pengembangan metode dan pengukuran yang dilakukan berdasarkan karakteristik implementasi IT di perguruan 
tinggi 
2. Pengembangan metode menggunakan Maturity Level COBIT sebagai dasar penilaian. 
 
HASIL PENGUKURAN 
Pengukuran yang dilakukan pada penelitian ini dilakukan dengan menggunakan pendekatan yang dirancang 
sebelumnya serta dilakukan pada beberapa universitas yang berada di pulau Jawa dan Sumatera. Dimana metode 
pengumpulan data yang digunakan adalah melalui checklist dan interview. Hasil dari pengukuran yang dilakukan 
adalah maturity level yang menggambarkan sistem IT organisasi dalam maturity level COBIT. 
 
KESIMPULAN 
Dari penelitian yang dilakukan, ada beberapa point penting yang dapat disimpulkan: 
1. Metode Pengukuran. 
Metode pengukuran yang dihasilkan berhubungan dengan dukungan IT dalam mencapai tujuan organisasi dan juga 
proses internal untuk mendukung pencapaian tujuan IT. Identifikasi proses internal yang disebut diatas dilakukan 
melalui penelitian terhadap kebutuhan organisasi dalam mencapai tujuan IT. 
Pemetaan proses internal organisasi ke dalam COBIT dilakukan melalui “professional judgment” dan juga 
identifikasi terhadap relevansi antara proses internal dengan control objectives COBIT. Proses perancangan control 
pada pengukuran ini menggunakan COBIT sebagai reference. 
2. Dari pengukuran yang dilakukan di perguruan tinggi di Indonesia, ada beberapa point penting yang diperoleh: 
Proses internal yang perlu diperhatikan oleh organisasi dalam mengoptimalkan IT dalam mendukung organisasi 
untuk mencapai tujuannya adalah: 
a. Komitmen dan Dukungan Manajemen 
b. Sumberdaya Manusia 
c. Pendanaan 
d. Infrastruktur, HW dan SW 
e. Manajemen Sistem 
f. Budaya Kerja 
g. Kualitas Layanan 
Dari hasil pengukuran dan pembandingan yang dilakukan terhadap organisasi sejenis, maka dapat dilihat kalau nilai 
maturity level dari implementasi IT pada perguruan tinggi di Indonesai masih berada dibawah rata-rata nilai dari 
organisasi sejenis lainnya di negara lain. 
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