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Abstract—Different types of instruction are used at the college-level for increasing students’ knowledge of nanotechnology. Purdue 

University introduced nanotechnology to first-year engineering students in an introductory engineering course through two 

nanotechnology-related projects. The students were split into two groups. Group 1 students (8 sections, n=703) implemented only a 

mathematical modeling project related to nanotechnology. Group 2 students (6 sections, n=496) implemented both the mathematical 

modeling project and a simulation design project related to nanotechnology. Students were asked to complete a nanotechnology 

assessment at the start and end of the semester. In this assessment, one prompt asked students to describe five things they know about 

nanotechnology. This work-in-progress describes the development of the coding scheme for categorizing the student responses. 

Researchers had ten meetings to revise the coding scheme, the final meeting resulting in the inter-rater reliability (IRR) estimate of 

82%. One of the researchers applied the coding scheme to 2000 responses and initial results are reported here. The coding scheme will 

be used to inform educators about the impact of their nanotechnology-related projects and attain their desired learning goals. 

Keywords—nanotechnology; engineering education 

I. INTRODUCTION 

Nanotechnology is entering our daily lives with its numerous applications from energy to cosmetics. We see and hear things 
about nanotechnology from various sources including mass media. While not all of these sources provide credible scientific 
information, they are effective in forming students’ understanding of nanotechnology [1].  

Many nanotechnology interventions have been designed for introducing nanotechnology to college-level students (e.g. [2, 3]). 
The focus of these interventions is typically on basic concepts of nanotechnology, increasing awareness, and addressing 
misconceptions. To design and develop these interventions, it is important for educators to know their students’ understanding, 
interests, and focus related to nanotechnology before and after the interventions. 

II. PURPOSE 

This work-in-progress (WIP) describes the coding scheme being developed to analyze first-year engineering students’ 
responses to the prompt ‘Describe five (5) things you know about nanotechnology’. This prompt was included in a larger survey to 
assess what students are attending to with regards to their nanotechnology knowledge. Both the prompt and associated coding 
scheme will enable educators and researchers to assess changes in students’ understanding, interests, and focus with regards to 
nanotechnology before and after nanotechnology-related interventions. This WIP shares both the coding scheme and initial results 
of how first-year engineering students’ involvement in two nanotechnology-related projects affected self-reported knowledge of 
nanotechnology. 

III. METHODS 

A. Participants and Settings 

In Spring 2013, Purdue University introduced nanotechnology to first-year engineering students in an introductory engineering 
course through nanotechnology-related projects. The students were split into two groups. Group 1 students (8 sections, n=703) 
implemented only a mathematical modeling project related to nanotechnology [4]. Group 2 students (6 sections, n=496) 
implemented both the mathematical modeling project and a simulation design project related to nanotechnology [5]. All students 
were asked to complete a nanotechnology assessment (which was adapted from [2]) at the start and end of the semester. In this 
assessment, one prompt asked students to describe five things they know about nanotechnology. This study focused on developing 
a coding scheme and analyzing the responses of a Group 1 section and a Group 2 section to this prompt. 

B. Introduction of the Coding Scheme 

The most recent coding scheme has 4 categories; under these categories, there are a total of 21 subcategories  
(TABLE I. ). The four categories are Various Aspects of Nanotechnology (size/measurement, cost, impact on human life…), 
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Specific/General, Applications (military, medical, energy…) and Other (non-response and uncodable). The coding scheme was 
designed such that each response can receive multiple subcategory codes. As an example, the response ‘Cell phones are an 
example of something that uses nanotechnology.’ was coded as (1) Products&Materials, which is under Various Aspects of 
Nanotechnology, (2) General, which is under Specific/General , and (3) Electronics&Computers, which is under Applications. 

TABLE I.  THE EMERGENT CODING SCHEME CATEGORIES 

Categories Subcategories 

Various Aspects of 

Nanotechnology 

 

Size/Measurement 

Cost  
Impact on human life  

Nano-products  

Products&Materials 

About me 

Who 
How-Manufacturing 

How-Characteristics 

Eng&Sci as a field 

Specific/General 
Specific 

General 

Applications 

Military 

Medical  

Energy  
Electronics&Computers  

Environment  

Textile  
Other specific applications 

Other 
Nonresponse  
Uncodable 

 

a) Various Aspects of Nanotechnology Category 

There are ten subcategories under Various Aspects of Nanotechnology. References to size (e.g. atomic scale, 10
-9

 m.) and 
measurement (e.g. electron microscopes) were coded under Size/Measurement. References to the cost of research, development and 
fabrication of nanotechnology were coded as Cost (ex. ‘Carbon nanotubes are an expensive replacement for steel’). Responses like 
‘Will benefit all mankind if properly researched’ or ‘Has great potential to help people’ were coded as Impact on human life. 
References to products were separated into two subcategories depending on their size. Nano-products covered references to 
nanoscale products of nanotechnology (e.g. carbon nanotubes, gold nanoparticles). Products at larger scales (e.g. computers, 
clothes) and references to materials (e.g. steel, composite) were covered under Products&Materials. When responses were related 
to students’ education and career (e.g. courses offered, jobs available), they were coded as About me (ex. ‘There are many courses 
that I can take to learn more about nanotechnology’). Responses focusing on the people (institutions, companies, websites, etc.) 
who are related to nanotechnology were coded as Who (ex. ‘NanoHUB is a website related to nanotechnology’). Responses about 
how nanotechnology related products are manufactured were coded as How-Manufacturing (ex. ‘Two main approaches that are 
used in nanotechnology: bottom-up and top-down’). References to characteristics of nanotechnology including size-dependent 
properties, structure of matter, self-assembly, forces&interactions, and potential health hazards were coded as How-Characteristics 
(ex. ‘Nanomaterials can self-assemble’ or ‘It can sometimes have adverse health effects’). Finally, references to any engineering or 
science field were coded under Engineering&Science as a field (ex. ‘Nanotechnology has applications in mechanical engineering 
such as NEMS’). 

b) Specific/General Category 

Each response was coded either as either Specific or General unless it was a Nonresponse or was Uncodable. We acknowledge 
that specificity would be better represented with more levels, such as Very specific and Specific. However, since it is not easy to 
define thresholds between the levels of specificity, we differentiated into only two levels for this analysis. Specific/General 
distinction in this coding scheme was defined separately for each sub-category. For example, for Cost, responses including names 
of specific countries, institutions, universities etc. were considered Specific (ex. ‘USA, Japan, and most of Europe has invested 
billions of dollars into the business’); whereas, broadly referring to nanotechnology were coded as general (ex. ‘Nanotech is very 
expensive’). Generally, we looked for signs of deeper knowledge while we were defining what should be considered specific for 
each category. 

c) Applications Category 

The Applications category covered a variety of applications that emerged from the analysis of the responses. It also included the 
Other specific applications subcategory to cover rarely mentioned applications like ‘It is used with sport balls (i.e. tennis, golf, 
bowling)’. 

d) Other Category 
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The Other category included Nonresponse and Uncodable subcategories. Nonresponse responses included ‘I don't know 
anything more about nanotechnology’ and Uncodable responses were those which are open to different interpretations. For 
example, ‘clean air in labs’ may refer to an application of nanotechnology which aims at improving air filtering quality in labs, or 
it may be referring to the cleanrooms required for fabrication of some nanotechnology related components like nanotransistors. 

C. Development of the Coding Scheme 

Three researchers worked together to develop the coding scheme. Two of these researchers were doctoral students in 
engineering education and the other researcher was a doctoral student in science education. All three researchers were on a 
nanotechnology education research team. In the beginning, the researchers performed content analysis on a sample of student 
responses. The overall analysis was iterative, starting from inductive and going through deductive stages so that the themes, which 
formed the coding scheme, emerged from data [6, p. 454]. Using this method, researchers had several meetings to revise the coding 
scheme. In between the meetings, each researcher applied the revised coding scheme to a sample set of responses. Only those entire 
responses with no single-word responses were used. Entire student responses were selected at random from Groups 1 and 2 pre and 
post tests. The number of responses used in preparation for each meeting started with 60 and increased up to 100 in the later 
meetings as the coding scheme became more stable (TABLE II. ).  

In these meetings, the researchers (1) compared and discussed their coding, (2) refined the definitions for the subcategories, and 
(3) when necessary, added new subcategories or modified the existing ones to improve the reliability of the coding scheme. 

TABLE II.  THE PROGRESS OF THE CODING SCHEME DEVELOPMENT 

Meeting 

Responses coded 

in preparation 

for each meeting 

Inter-Rater 

Reliability 

(IRR) 

Changes made to the coding scheme 

1st   The initial coding scheme was discussed, applied on a sample set of responses and the results are discussed. 

2nd 60 
Not 

calculated 

Who and How it is made/works subcategories were added. Electronics subcategory was changed into 

Electronics&Computers. 

3rd 75 0.71 No addition or change made to the subcategories. 

4th 75 0.69 No addition or change made to the subcategories. 

5th 75 0.79 
Nano-applications subcategory was added under Various Aspects of Nanotechnology. Textile subcategory 
was added under Applications. 

6th 100 0.78 
Nano-applications subcategory was changed into Nano-products, Applications subcategory was changed 

into Products. 

7th 100 0.78 
Impact subcategory was changed into Impact on human life. Products subcategory was changed into 
Products&Materials. 

8th 100 0.77 How it is made/works subcategory was divided into How-Manufacturing and How-Characteristics. 

9th 100 0.79 No addition or change made to the subcategories. 

10th 100 0.77 No addition or change made to the subcategories. 

 
100 0.82 Coding scheme development was finalized. 

 

 

D. The inter-rater reliability (IRR) estimate 

The coding performed by the researchers in preparation for each meeting were compared and evaluated using the inter-rater 
reliability (IRR) estimate. The IRR was calculated for each student response by averaging the percentage of agreement among the 
three researchers (an example is shown in TABLE III. ). The total IRR was calculated by averaging the percent agreement for all 
coded responses. The reliability estimate ranges between 0 and 1 with the larger values indicating more reliability between raters. 

TABLE III.  EXAMPLE OF IRR CALCULATION  
(BOLD LETTERS INDICATE AGREEMENT) 

Researcher Codes for 

Response 1 

Agreement w/ 

other coders 

Average percent 

agreement 

Researcher 1 A, B, C, D 75% 

65% Researcher 2 B, C, D, E, F 60% 

Researcher 3 A, B, C, D, G 60% 

 

The coding scheme development started with IRR estimates of around 70% (see TABLE II. ). After refinements, modifications, 
and additions to the coding scheme in the later meetings, the final IRR estimate of 82% was obtained after the tenth meeting. The 
final IRRs calculated between each pair of researchers were 86%, 89%, and 89%. 

IV. INITIAL RESULTS AND DISCUSSION 

After the coding scheme was finalized, one of the researchers applied the scheme to one Group 1 section and one Group 2 
section to investigate how students’ self-reported knowledge changed as a result of their participation in the nanotechnology-related 
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Fig. 1. The distribution of responses to the subcategories of Various Aspects of Nanotechnology 

projects. The Group 1 section included 93 students corresponding to 465 pretest and 465 posttest responses; the Group 2 section 
included 107 students corresponding to 535 pretest and 535 posttest responses, making 2000 responses in total.  

Initial results revealed that most of the students responded to the prompt with detailed answers. However, some responded with 
at least one single-word response. In some cases, these single-word responses were just ‘n/a’ (not applicable), or terms like 
‘computers’, ‘tiny’, ‘nanobots’. Overall, these students represented 13% of all students for the pretest and 14% of all students for 
the posttest. 

As a demonstration of the coding scheme, Fig. 1 shows the distribution of responses coded for the subcategories of Various 
Aspects of Nanotechnology. Results show that students mostly referred to Size/Measurement aspects of nanotechnology in their 
responses (24% to 30%). Both groups referred to Size/Measurement aspects more after the intervention.  

After the implementation of the projects, the number of references to Nano-products increased for Group 2 (from 7.9% to 
17.9%); whereas, there was a decrease in this regard for Group 1 (from 9.5% to 8.4%). A similar trend is observed for 
Products&Materials and How-Characteristics. References to Engineering&Science as a field increased for both groups after the 
interventions. 

These results can be linked to the educational interventions. The greater Group 2 increase in self-reported knowledge about 
Size/Measurement and Engineering&Science as a field is not surprising since Group 2 students were exposed to both 
nanotechnology projects and, thus, had more opportunity to increase their knowledge. Group 2’s additional exposure certainly had 
a positive impact on their self-reported knowledge of Nano-Products and How-Characteristics. The slight increase in Group 1’s 
references to Size/Measurement may be attributed to the introduction to atomic force microscopy in the mathematical modeling 
problem. Group 2’s increase in Size/Measurement, Nano-Products, and How-Characteristics may be attributed to the requirements 
of the simulation design project. This project required students to help peers learn about nanotechnology via the big ideas of 
nanotechnology [7] (e.g. size and scale, size dependent properties, forces and interactions, and self-assembly), models, and 
simulations. 

With regards to the observation that both groups referred to Engineering&Science as a field more after the interventions can be 
regarded as a positive indicator for educators of the first-year engineering course who had as a goal for students to be better able to 
relate nanotechnology to various engineering and science fields. The mathematical modeling project had students initially 
investigate how nanotechnology relates to their intended engineering major. The simulation design project had the additional 
requirement that students link nanotechnology to one or more fields of engineering. There is evidence that the simulation design 
project had an additive effect on students’ self-reported knowledge of the relation between nanotechnology and engineering and 
science fields.  

Group 1 students referred to Nano-products and Products&Materials less often than Group 2 after the intervention. If this is of 
concern, consideration might be given to adding more product focus to the mathematical modeling project during the solution 
development stages. 

V. CONCLUSIONS, LIMITATIONS, AND FUTURE WORK 

A coding scheme for categorizing responses to the prompt ‘Describe five (5) things you know about nanotechnology’ was 
developed. The final IRR estimate of 82% was obtained for the coding scheme. The coding scheme was applied to responses from 
first-year engineering students who received two different nanotechnology interventions.  

The resulting coding scheme can be used to examine the effectiveness of nanotechnology-related interventions in changing 
students’ understanding, interest and focus related to nanotechnology. The results of applying this coding scheme can be used to 
guide the design of educational interventions. As an example, in designing a course focused on energy applications of 
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nanotechnology, the prompt presented here can be asked at the beginning of the course. If the results show that students’ are 
focused on the cost of nanotechnology, the educator might prefer to give more examples about the cost-effectiveness of 
nanotechnology to make the course more relevant to students. Similarly, the educator can ask the prompt at the end of the course 
and compare the number of Energy responses to assess the change in students’ self-reported knowledge. 

There are some limitations of this study, which might be addressed in future work. In this study, responses are coded with 
respect to their content regardless of their correctness. This work can be improved by adding another code for misconceptions. 
Nevertheless, identification of misconceptions in students’ knowledge is not easy since that would require raters well-versed in 
various fields and aspects of nanotechnology (nanochemistry, nanomaterials, etc.).  

This study focused on a prompt in a larger survey. In future work, the results here, will be analyzed in relation to other parts of 
the survey, which were designed to measure awareness, exposure, and motivation of the students [5]. The changes in some 
subcategories like About me might correlate to students’ motivation. Correlations might have implications for the development of 
post-secondary level nanotechnology-related projects that have greater impact on students’ learning of and desire to learn about 
nanotechnology. Finally, the coding scheme might be applied to similar data collected in the following year (Spring 2014). 
Changes to the nanotechnology-related projects in the second year may be investigated for impact.  
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