
Simple, Portable, and Inexpensive 

Spectrophotometers for High Schools Lab Activity 
 

Ari Syahidul Shidiq*, Anna Permanasari, Hernani Hernani 

Science Education Department, Postgraduate School 

Universitas Pendidikan Indonesia 

Bandung, Indonesia 

*arishidiq@upi.edu, anna.permanasari@upi.edu, hernani@upi.edu 

 

 
Abstract—A simple, portable and inexpensive 

spectrophotometer for chemical analysis and laboratory activities 

is a growing topic of research in chemical education. The purpose 

of this study was to investigate how academics develop simple, 

portable and inexpensive spectrophotometers in the chemistry 

classes. This study used a systematic literature review method. A 

total of 46 related journal articles from 2009 to 2019 were used as 

sources for review. Sources of the articles reviewed were mostly 

obtained from the Journal of Chemical Education. As a guide to 

the study conducted, three formulations of the problem were 

used. First, what type of instruments developed. Second, what 

specific technology used and third, what pedagogical approach 

used. The results of the study conducted indicate that the UV-Vis 

instrument is the most developed one. This opens up 

opportunities for other researchers to develop other types of 

spectrometry instruments. The use of LED technology as a light 

source and a smartphone camera as a detector is a currently 

developing innovation. The development and the use of simple 

spectrophotometer have been successfully conducted at various 

levels of education including high school. This proves that simple, 

portable and inexpensive spectrophotometers can be used and 

developed at the high school level. 

Keywords: spectrophotometers, high school lab activities, 

systematic literature review 

I.  INTRODUCTION 

Spectrophotometers are usually used in university 
laboratories and are rarely owned by high school laboratories 
[1]. Meanwhile, the introduction of spectrometry 
instrumentation in high schools can serve as a catalyst to attract 
students’ interest in chemistry [2]. Chemistry lessons in the 
second year in high school are suitable for the introduction of 
instrumentation material [3].  The students in chemistry lessons 
are usually not interested in the topic of the lesson because it is 
not related to their daily lives [4]. By teaching them to use 
modern chemical instrumentation and its function to help deal 
with environmental problems such as water pollution, it is 
expected to increase their interest in chemistry [5].  

General spectrophotometers are sold at a cost ranging from 
3,000 to more than 20,000 USD; this becomes a problem for 
schools and universities in developing countries like Indonesia. 
For this reason, a number of studies on producing simple, 

portable, and inexpensive spectrophotometers for laboratory 
activities and chemical analysis have become one of the topics 
of research aimed at chemistry researchers to answer current 
problems [6,7]. 

Spectrophotometer instruments are used to measure the 
degree of absorbance of light at certain wavelengths. Light 
sources, monochromators, and detectors are the main parts of 
spectrophotometer instruments. The light source serves to 
determine the wavelength. The detector functions as a tool to 
quantify the intensity of light that is not absorbed by the 
substances in the sample. Monochromator function to separate 
the light produced by the light source to be smaller [1]. 

Modification of spectrophotometer instruments can be done 
by innovating on the main part of the spectrophotometer, such 
as using a pointer light as a light source [8] and LEDs [2,9,10], 
and using Arduino and digital cameras as a detector [7,11–13]. 
In addition, various types of spectrophotometer instruments 
have been developed such as UV-Vis [14–17], Flame 
photometer [18,19] and spectrophotometer simulations using 
computer programs and augmented reality [20,21]. 

 There are a lot of literatures that discuss the development 
of spectrophotometers showing that research on this issue is at 
least being carried out. However, accurate assessment and 
documentation of what has been done, how to do it and what 
can be done by researchers in the future to develop a 
spectrophotometer must be informed thoroughly and 
comprehensively. Through a systematic review of existing 
literature, this study aims to investigate how academics 
innovate to develop spectrophotometers in chemistry classes. 
In addition, further studies on technological and pedagogical 
aspects need to be explored. 

II. METHODS 

A Systematic literature review method was used in this 
study to critically assess how academics innovate to develop 
spectrophotometers in chemistry classes [22]. A systematic 
review of the literature applies explicit methodological 
processes to produce a synthesis of evidences. In this study we 
recognize the influence of our own subjectivity in 
interpretations, as well as the limitations from information 
provided by the authors of original papers. In order for a 
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review to be carried out more systematically, the problem 
formulation is used as a guide for literature review. The 
formulations of the problems in this study are: What 
instruments are developed? What specific technology is used?; 
and What pedagogical approach is used?. The systematic 
literature review scheme can be seen in Figure 1. 

 

Fig. 1. The systematic literature review scheme. 

The review carried out in this study focuses on the 
publication of spectrophotometers development in a reputable 
journal.  Sources of the articles reviewed were mostly obtained 
from the Journal of Chemical Education. We recognize that 
publications on the development of spectrophotometers can 
appear in various other reputable journals. However, our 
choices are based on the large number of publications on the 
development of spectrophotometers in the reputable journal, 
the results of preliminary studies and careful review of article 
titles.  

Searching for publications using the keywords produces 
141 related publications. The selection of publications that are 
potential and relevant to our topic is done by reading the title 
and abstract of the publication and obtained 46 titles of 
publications from the process. These publication articles are 
then read in depth and are classified based on the instrument 
innovations developed. 11 out of 46 publication documents are 
descriptive.  

III. RESULTS AND DISCUSSION 

Quantification of analytic concentration using 
spectrophotometry through Beer Law analysis is an important 
aspect of the chemistry curriculum. Given the limited resources 
in many high and tertiary schools, it is not surprising that some 
authors have developed how to make a simple, portable, and 
inexpensive spectrophotometer and colorimetric [23].  

A. Instrument Developed  

Based on the analysis conducted on 46 publications, we 
classify them according to the types of developed instruments. 
The development aims to make instrument spectrometry more 
environmentally friendly, simple and easy to make and use. 
The classification of the instrument developed and introduced 

at the level of high school and college using innovative 
approaches and technologies are presented in the Table 1: 

TABLE I.  THE LIST OF ARTICLE REPORTING THE DEVELOPMENT OF 

SPECTROPHOTOMETERS INSTRUMENT 

No 
Instrument 

Type 

Number of 

publications 
References number 

1 UV-Vis 15 [2,8,11,13,15,23–32] 

2 Flame (AAS) 3 [18], [33], [19] 

3 HPLC 1 [34] 

4 FTIR 1 [35] 

5 Colorimetric 10 [9,12,14,36–42] 

6 MS 1 [43] 

7 NMR 2 [44], [45] 

8 Others 13 [3,10,20,46–55] 

Table 1 shows the distribution of instruments developed 
from journal articles reviewed. Other instruments developed in 
the table above include Raman Spectrometry, Florometry, 
development of parts of the spectrophotometer, and 
development of simulation instrument spectrometry using 
Virtual Reality and Augmented Reality 

B. Specific Technology Used 

The development of spectrophotometer is carried out 
covering 2 important parts of the instrument, namely the light 
source, and the detector. However, some articles do not express 
this clearly. Following are the results of article classification 
based on light source technology and detectors used: 

TABLE II.  THE TECHNOLOGY USED TO MAKE INSTRUMENTS 

No 
Part of 

instrument 

The technology 

used 

Number of 

publications 

References 

number 

1 
Light 

Source 

LED 12 
[2,3,9–
11,14,15,24,2

8,39,51,53] 

Laser pointer 1 [56] 

Digital Camera 1 [13] 

Flame 3 [18,19,33] 

2 Detector 

Smartphone 

camera 
10 

[12,15,19,23,3

2,36-38,40,41] 

Arduino 2 [11], [52] 

Photodiode 3 
[31], [18], 
[11] 

Digital Camera 3 
[30], [13], 

[12] 

LED 5 [2,3,9,24,28] 

Lux Meter 1 [56] 

3 All 
Computer 

Simulation 
5 [20,42–44,48] 

 

Table 2 describe the various technologies used to develop 
spectrophotometers instruments, besides that construction of 
instrument developed also has various variations, such as the 
use of 3D plastic printing [15,54,57], Lego [2,9], shoe boxes 
[32], and wood [30]. LEDs are the most preferred alternative 
light source by researchers. This is because LEDs are easy to 
obtain and have low prices. 

The transformation of education in the 21st century 
provides a new paradigm for the way teachers teach to 
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facilitate students to be able to acquire the skills needed [58]. 
The teacher must be able to connect technology advances with 
learning in the classroom. The use and development of 
technology such as smartphones detector in the world of 
chemical education make it very easy for students to read 
experimental data [59]. 

Other studies report the use of smartphone cameras in the 
spectrophotometry analysis. This method eliminates the need 
for photodetectors but remains relatively complicated. The 
report also appears in research that illustrates how smartphones 
can be used to do colourimetric and fluorescence analysis. This 
experiment further simplifies the process that allows the Beer's 
Law experiment to be conducted in almost all high school 
laboratories. However, this experiment requires rather 
sophisticated digital photo analysis. Besides, this experiment 
does not allow students to explore the process of absorption of 
light with samples that occur in spectrophotometry instruments. 
[23]. 

The experiments presented by Kuntzleman allow students 
to analyze Beer's Law with a smartphone camera [23]. The 
settings are very simple; data collection is fast and easy. 
Besides, the process of conducting experiments enables 
students to quantitatively and qualitatively explore the concepts 
and equations involved in the absorption of spectrometry [23]. 

In addition to the smartphone camera application as a 
detector, other research also utilizes photos and videos from 
smartphone cameras in science learning [60]. The results show 
that using photos and videos taken on mobile phones supports 
teachers to bring the outside world to the classroom and also 
makes it easy to give instructions, assess student learning and 
correct student misconceptions. Another advantage of using 
smartphones is that it enables the capture of previously unseen 
phenomena by encouraging closer observation than usual [60]. 

C. Pedagogical Approaches Used 

In addition to looking at the technology used, the focus of 
the review is to look at the pedagogical aspects used. 
Pedagogical aspects data are shown in Table 3 and 4. 

TABLE III.  THE PEDAGOGICAL APPROACH USED 

No Pedagogical Approaches 
Number of 

publications 

References 

number 

1 Project Based Learning 4 [8,11,26,32,38] 

2 Problem-Based Learning 2 [49], [47] 

3 Game Activity 1 [46] 

4 
Multimedia Based 
Learning 

1 [42] 

5 Computer Based Learning 1 [52] 

6 Systematic Approach 1 [48] 

7 
Guided-Inquiry 
Experiment 

1 [24] 

8 Experiments 22 

[2,3,9,10,12–

15,18–

20,23,25,27–
30,34,35,40,41,55] 

9 Class Demonstration 2 [33], [53] 

10 Workshop 1 [45] 

TABLE IV.  FOCUS OF RESEARCH SUBJECTS 

No 
Research 

Subject 

Number of 

publications 
Articles 

1 
Undergraduate 

Student 
18 

[11,19,20,24,26,27,30,35,4

2,43,46,47,49,52,53,55,56,
61] 

2 
Senior High 

School 
7 [10,12,13,18,25,29,45] 

3 Both 18 
[2,3,9,14,15,23,28,31–
34,36–41,44] 

 
Based on table 3, it is known that the pedagogical approach 

used by researchers to develop spectrophotometer instruments 
is quite varied. The experimental method becomes the most 
commonly used method. Besides, the project-based learning 
method has also been used to improve various student skills. 
One that has been done is the use of project-based methods on 
spectrophotometer experiments to improve students’ creative 
thinking skills [8]. This method allows students to build their 
version of a simple spectrophotometer. 

There are five important features of applying project-based 
learning in student-made simple spectrophotometer 
experiments; authentic questions or problems that drive 
activities and organize concepts and principles; community of 
enquiry between students, teachers, and community members; 
the use of cognitive tools; student involvement in 
investigations; and a series of products which answer problems 
[8].  

Table 4 shows the development and use of this simple 
spectrophotometer has been successfully conducted at various 
levels of education. This proves that at the high school level 
they are able to receive spectrophotometer lessons and 
experiments. This has become one of the advantages of 
developing a simple, portable and inexpensive 
spectrophotometer so that it can be developed independently by 
teachers and students in high school. Even one of the studies 
conducted by Lafratta shows that spectrophotometer 
instruments can be taught to junior high school students [18].  

Further analysis resulted in minimal student participation in 
the process of developing a simple spectrophotometer. Most 
researchers develop their simple spectrophotometer for later 
use by students. Several studies have shown that involving 
students in the process of developing a simple 
spectrophotometer will improve their various skills. This 
makes further research opportunities to develop a simple 
spectrophotometer by involving more student activities in the 
process. 

IV. CONCLUSION 

Innovations for developing spectrometry instruments that 
are simple, portable and inexpensive have been conducted for 
various types of instruments. The UV-Vis instrument is the 
most developed. This opens up opportunities for other 
researchers to develop other types of spectrophotometer 
instruments, with innovations different from those reported. 
The use of LED technology as a light source and a smartphone 
camera as a detector is an innovation that is currently 
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developing. In addition, the augmented reality application to 
introduce laboratory spectrometry instruments is a unique 
innovation. The development and the use of simple 
spectrophotometer have been successfully conducted at various 
levels of education including high school. This proves that 
simple, portable and inexpensive spectrophotometers can be 
used and developed at the high school level. Many ways can be 
used to develop spectrophotometer instruments in the 
classroom, such as using a project-based learning approach, 
problem-based learning, guided-inquiry and experiment. 
Besides, it was concluded that not many researchers involved 
the students to design and develop their spectrophotometers. 
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